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ablaufenden Prozessen zählen aber auch selektive Aufmerksamkeitsprozesse bzgl. bedrohlicher
Reize. Diese führen dazu, dass bedrohliche Informationen der Umwelt besser wahrgenommen
bzw.schnellerverarbeitetwerden.AusevolutionsbiologischerSichtstellendaherdieseProzesse
einen wichtigen Überlebensvorteil für den Organismus dar. Nehmen diese Prozesse allerdings
überhand,verlierensie ihrenschützendenCharakterundeskönnensichAngststörungenentwi




Für bestimmte Reize wird eine genetische Prädisposition vermutet. Das bedeutet, dass eine
Angstreaktionbzgl.evolutionärbedeutsamerReizewiebspw.SpinnenoderSchlangen,besonders
schnellgelerntwird(Öhman&Mineka,2001;Seligman,1971).WährendderevolutionäreNutzen
einer besseren sog. Konditionierbarkeit von Spinnenoder Schlangen auf derHand liegt, ist der
evolutionsbiologischeVorteil einerbesserenKonditionierbarbzgl. sozialerReizenicht sofort er
sichtlich.BereitsunsereVorfahrenlebteninGruppenunddieZugehörigkeitzueinerGruppever
größertdieÜberlebenschancenderMitglieder.WiekonntensichsomitÄngstevor(derInterakti







Ängstlichkeit entwickelt, diedenBetroffenen in sozialen Interaktionenhemmtundeinschränkt,
stellt dies eine große Belastung dar, wobei Hilfe oftmals nicht in Anspruch genommen wird











beschäftigt,welche die Entstehung undAufrechterhaltung der sozialenAngststörung bedingen.
Die in diesen Abschnitten besprochenen Reaktionstendenzen, die z.T. automatisch ablaufen,




der sozialenAngst zusammengefasst.Darausergeben sichdieUntersuchungsziele der drei Stu
dien der vorliegendenArbeit,welchedie neuronalenKorrelate bei Personenmit einer sozialen
AngststörungwährendderKonfrontationmit kurzenumschriebenen störungsrelevantenReizen
(Studie1),währendderAntizipationeinersozialbedrohlichenSituation (Studie2)undwährend
der Symptomprovokationmit sozial bedrohlichen Filmsequenzen (Studie 3) untersuchen. Dabei
wurden die Aktivierungsmuster relevanter Hirnregionen mittels funktioneller Magnetreso
nanztomografie (fMRT) ermittelt. Im Anschluss an dieManuskripte folgt ein Abschnitt, der die











menschlichen Situationen, in denen sie dem Urteil ihrer Mitmenschen ausgesetzt sind (APA,
2013). Die Erscheinungsformen der sozialen Angststörung können dabei sehr variabel sein und
sichaufvieleverschiedeneSituationenbeziehen,dieentwedereinengewissenLeistungsdruckmit





was dieAngst oftmals zusätzlich verstärkt.Damit dasGegenüber dieAngstsymptome,wie z.B.
Schwitzen oder Zittern nicht bemerkt, werden häufig sog. Sicherheitsverhaltensweisen ausge
führt. Beispielsweise werden die Arme fest an den Körper gepresst und damit potentielle
SchweißfleckenkaschiertoderdasGlaswirdkrampfartigfestgehalten,umeinZitternderHände
zuverbergen.Esistleichtvorstellbar,dasssolcheVerhaltensweisendenGesprächspartnerirritie
ren können, da sie den Betroffenen in den gefürchteten sozialen Situationen ‚komisch‘wirken
lassen.Sicherheitsverhaltensweisenkönnendaherzueiner‚selbsterfüllendenProphezeiung‘bei
tragen.Kennzeichnend fürdieBetroffenen ist aucheine LenkungderAufmerksamkeitwegvon
derexternalenSituationhinzuinternalenVorgängen,wasmiteinerVielzahl‚ungünstiger‘Prozes
seassoziiertist.BeispielsweisewirddadurchdieAusführungsituationsadäquaterVerhaltenswei
sen behindert und die Betroffenen können für ihr Gegenüber abwesend oder gar unfreundlich
erscheinen(Clark&McManus,2002).ZudemwerdendurchdieFokussierunginternalerVorgänge
körperliche Angstreaktionen vermehrt wahrgenommen. Es wird davon ausgegangen, dass sich
Angstreaktionen, die Wahrnehmung der physiologischen Veränderungen und die übermäßige
AufmerksamkeitsfokussierungdaraufzusammenmittypischenkognitivenVerzerrungenineinem
‚Teufelskreis‘ gegenseitig verstärken und sich schlimmstenfalls zu einer Panikattacke steigern
können(z.B.Clark&McManus,2002;Clark&Wells,1995).
Typisch für Personenmit einer sozialen Angststörung sind zudem ein negatives Selbstbild und
























tome (z.B. zittrigeHände, Stimmeoderdas ErrötendesGesichts) nachaußen sichtbarwerden
könntenoderineinerArtundWeiseagiertwird,dassderBetroffenevonanderennegativbewer
tetoderausgegrenztwerdenkönnte.
EinweitereswichtigesDiagnosekriterium der sozialen Angststörung imDSM5 ist, dass die Be
troffenenihreAngstalsübertriebenundunbegründetwahrnehmen.DieAngstunddasVermei




wieder nachlassen können. Die Diagnose einer sozialen Angststörungwird vergeben,wenn die
ÄngstemindestenssechsMonateanhalten.Zudem istabzuklären,obdiesozialenÄngstedurch







vielen verschiedenen sozialen Leistungs und Interaktionssituationen auftreten. In der Literatur
wurden sozialängstliche Personen, die diese Zusatzkodierung nicht erhielten mit dem Zusatz
‚nichtgeneralisiert‘oder‚spezifisch‘gekennzeichnet.InderLiteraturlassensichHinweisedarauf








Die soziale Angststörung stellt neben dermajoren Depression und dem Abhängigkeitssyndrom
eine der häufigsten psychischen Störungen dar (Stangier et al., 2009).Nach einemReview von








lenAkt darstellt, und zumanderen begreifen die Betroffenen ihre Problematik häufig nicht als
psychische Störung (Kessler, 2003). So kommtes, dass imDurchschnitt 15 Jahre zwischendem
Beginn der Störung und einem Behandlungsauftakt vergehen (Kessler et al., 1998), wobei das
RisikofürdieAusbildungkomorbiderStörungenbeieinerNichtbehandlungdersozialenAngststö
rungstetigansteigt(Wittchen&Fehm,2003).Dies ist inbesonderemMaßekritisch,daesmitt
lerweile vielversprechende Behandlungsmöglichkeiten gibt (z.B. Powers et al., 2010). Eine




eineraffektivenStörung;Mageeetal.,1996). EtwaeinDrittelderPatienten zeigt zudemeinen
bedenklichenUmgangmitangstlösendenSubstanzen.DieBetroffenenversuchensichmeistselbst
zumedizieren,indemsieAlkoholoderanderesedierendeDrogenbzw.Medikamenteeinnehmen,


















radigma der Studie 1 der vorliegenden Arbeit wird im Anschluss näher auf das Phänomen der
Aufmerksamkeitsverzerrungeingegangen.
1.2.1 BiologischeTheorien
Für dieAusbildung einer sozialenAngststörung scheint zunächst eine genetischeDisposition zu
bestehen (Hettema et al., 2001). So zeigte sich eine familiäreHäufung sozialer Angststörungen
(Steinetal.,1998),wobeidasRisiko,einesozialeAngststörungzuentwickeln,fürVerwandtesozi
alängstlicherPersonenca.dreimalhöheristalsinunbelastetenFamilien(Hermann,2002).













nenmit einer sozialenAngststörungenwerden entweder einer geringenMenge extrazellulären
Dopamins,einererhöhterMengedopaminergerTransporterodereinerverringertenSensitivität
dopaminerger D2Rezeptoren bzw. einer Kombination aus diesen Anomalitäten verantwortlich
gemacht(füreinenÜberblicksiehePhan&Klumpp,2010).DesWeiterenwirdeinegestörteFunk
tionsweise des noradrenergen und GABAergen (GammaAminoButtersäure) Neurotransmitter
Systemsvermutet(Hermann,2002;Steinetal.,2002a;Syal&Stein,2014).
Stressreaktionen im Allgemeinen gehen mit einer Aktivierung der HypothalamusHypophysen
Nebennieren (HPA)–Achseeinher,waseinenAnstiegdesKortisolspiegels zurFolgehat.Wenn
mandiekörperlichenSymptomewieSchwitzen,HerzklopfenoderErrötenbetrachtet,welchebei




eine Dysfunktion des autonomen Nervensystems naheliegend. Insgesamt ist allerdings die Be
fundlage zuabnormenautonomenReaktionen in sozialenSituationenbei sozialängstlichenPer














stellt die ZweiFaktorenTheorie dar, in der Mowrer (1947) davon ausgeht, dass Ängste durch
MechanismenderklassischenKonditionierungerworbenunddurchMechanismenderoperanten




Erklärung sozialer Angststörungen größere Bedeutung (siehe z.B. Stemberger et al., 1995).
Gleichzeitig erwiesen sich rein behaviorale Erklärungsmodelle als unzulänglich. Infolgedessen
wurden evolutionären Perspektiven in die Theorievorstellungen integriert (siehe Mineka &
Zinbarg, 1995). In diesem Zusammenhang spielt z.B. das Konzept derpreparedness (Seligman,
1970)einewichtigeRolle.
PreparednessbedeutetindiesemKontext,dassAngstreaktioneninBezugaufevolutionärbedeut
sameObjekteoder Situationen schneller gelerntwerden. Eine schnelleAngstreaktionauf diese
bestimmtenReizeoderSituationenbrachteunserenVorfahreneinenevolutionärenVorteil.Nach

























von Angststörungen und der beträchtlichen Löschungsresistenz. Theorien, die überdies hinaus
auchkognitiveMechanismenbetrachteten,gewannenstetiganBedeutung,wasdiesog.zweite
Welle oder kognitiveWende der Verhaltenstherapie nach sich zog. Infolgedessen wurden eine
Reihe von kognitiven Informationsverarbeitungsmodellen formuliert,welche v.a. kognitiveMe
chanismen bei der Entstehung und Aufrechterhaltung der sozialen Angststörung fokussieren















Löst eine Situation derartige Annahmen aus, kommt es zu automatischen und reflektorischen
Veränderungen auf kognitiver, somatischer, affektiver und behavioraler Ebene (siehe Abbil







tionen, sofern sie nicht vermiedenwerden können, nur unter intensiver Angst durchgestanden
werden(APA,2013).DamitübereinstimmendgebenPersonenmitsozialerAngstzwareineerhöh
teÄngstlichkeitundübersteigertephysischeAngstreaktionen in sozialbedrohlichenSituationen
an (z.B. Wong & Moulds, 2011), Ergebnisse bzgl. objektiv messbarer Unterschiede (Herzrate,





für eine verstärkteWahrnehmung körperlicher Vorgänge durch eine vermehrte Selbstfokussie
rungderAufmerksamkeitwährendsozialbedrohlicherSituationen.NachClarkundWells (1995)
neigensozialängstlichePersonendazu,dieAufmerksamkeitvonderäußerenSituationwegund
stattdessen auf internale Vorgänge zu lenken.Dabei konzentrieren sich die Betroffenen haupt
sächlichaufAnzeicheneigenerAngstsymptomeundderenWahrnehmbarkeitdurchanderePer
sonensowieaufVerhaltensweisen,diealsblamabeloderpeinlichwahrgenommenwerdenkönn
ten. Eine übermäßige Selbstfokussierung der Aufmerksamkeit bei sozialängstlichen Personen in
sozialenSituationenkonntebereitsmehrfachgezeigtwerden(z.B.Aldenetal.,1992;Mansellet
al., 2003;Mellings& Alden, 2000). Eine gesteigerte Aufmerksamkeitslenkung hin zu internalen
Vorgängen ist inbesonderemMaßeproblematisch, daesdasBewusstsein fürdiebefürchteten
AngstsymptomeverstärktundzudemdieVerarbeitungexternalerReize,dieeinadäquatessozia
lesVerhaltenermöglichenwürden,behindert.ExperimentellkonntewährenderhöhterSelbstfo










men. Ebenso scheinen sozialphobische Personenwährend sozial bedrohlicher Situationen eher
eineBeobachterperspektive von sich selbst einzunehmen (z.B.Hirsch et al., 2003;Wells et al.,
1998;Wells&Papageorgiou,1998).DiementalenRepräsentationenführenwiederumdazu,dass
die Betroffenen die Situation als bedrohlich und gefährlich einschätzen und tragen so zu einer
ReiheangstverstärkenderProzessebei.
Ebenfalls einewichtige Rolle imModell von Clark undWells (1995) nehmen Sicherheitsverhal
tensweisenein.DiesebeschränkensichnichtnuraufVerhaltensweisen,sondernfindenauchauf
kognitiverEbenestatt(mancheAutorenzählendieübermäßigeSelbstfokussierungderAufmerk








listischen Befürchtungen überprüfen können und zum anderen können die Verhaltensweisen













Experimentell konnte gezeigtwerden, dass sozialängstliche Personen signifikantmehr negative
selbstbezogene Informationen (Mansell&Clark, 1999;Wong&Moulds, 2011) und vergangene
negativeEreignisse(Hinrichsen&Clark,2003;abersieheMellings&Alden,2000)erinnertenbzw.
schlechtePrognosenbzgl.dereigenenLeistungmachten(Hinrichsen&Clark,2003;Vassilopoulos,




onen zu vermeiden. Soziale Situationen können allerdings nicht immer umgangenwerden. Die
Betroffenen scheinen jedoch – obwohl sie immer wiedermit sozialen Situationen konfrontiert
werdenunddieseauchdurchstehen–nichtdavonzuprofitieren,dassdiebefürchtetennegativen
Konsequenzen (zumindestaugenscheinlich)nicht eintreten. LerntheoretischeKonzepteversuch
ten diesen Sachverhalt anhand des Sicherheitsverhaltens zu erklären. Jedoch bestanden in der
Literatur Zweifel, ob dies als Erklärung ausreicht (siehe Stangier et al., 2009). Clark undWells
(1995)versuchtendiesenUmstandmitdenBeziehungendereinzelnenModellkomponentenun
tereinanderzumodellieren.ZwischendenautomatischeintretendenGedankenundderselbstfo











Personen, die unter einer Angststörung leiden, scheinen hypersensitiv auf störungsassoziierte
Reize zu reagieren, was die Verarbeitung von bedrohungsrelevanten Informationen begünstigt
(siehez.B.Becketal.,1985;Eysencketal.,2007).DerartigeAnsätzewurdenunterdersog.Hy






Vermeidungsprozess interpretiert, der anscheinend zur Aufrechterhaltung der Störung beiträgt
(z.B. Pineles & Mineka, 2005). Später wurden dann beide Prozesse in der Hypervigilance














formationsverarbeitungsprozessen eine entscheidende Bedeutung bei der Entstehung und Auf












Stimulusexposition und es gibt sogar Hinweise darauf, dass eine bewusste Verarbeitung nicht
nötig ist (z.B. Öhman et al., 2000). Eine schnelle Reaktion auf bedrohliche Reize kann überle
benswichtigseinundselektiveAufmerksamkeitsprozessestellensomiteinenevolutionärenSelek





Zur Erklärung des Phänomens der selektiven Aufmerksamkeitsverzerrung wurden ursprünglich







NachWilliams et al. (1997; 1988) sind Personenmit Angststörungen dadurch gekennzeichnet,
dass sie ihre Aufmerksamkeit in einer sehr frühen Phase der Reizverarbeitung auf bedrohliche
Informationenrichten.DieAutorenpostulierenzweiMechanismen.Deraffectivedecisionmecha




sonenmanifestiert sich nachWilliams et al. imRAM,wobei hochängstliche Personen ihre Res







das valence evaluation system (VES; vergleichbar ADM) bei hochängstlichen Personen weitaus
sensitiver.VieleInformationen,dienichtängstlichePersonenalsnichtbedrohlicheinstufen,wer






bei emotionalen StroopAufgaben eher weniger ins Gewicht fiel. Zum anderen führen spätere















tionen zu untersuchen. Dazu zählen die sog.dotprobe Aufgaben und die emotionalen Stroop
Aufgaben. Bei Personenmit einer sozialen Angststörungwurde das Phänomen desattentional
bias v.a.mittels emotionaler StroopAufgaben untersucht. Die Ergebnisse von Studien,welche



















v.a. das automatisierte Lesen verantwortlich gemacht, welches mit der eigentlichen Aufgabe






deutung ignoriertwerden soll.DieDifferenz der Reaktionszeitenbei bedrohlichen vs. nicht be
drohlichenWörternwirdalsemotionaleStroopInterferenzbezeichnet.ImJahre1985wurdedas
PhänomenderemotionalenStroopInterferenzerstmalsvonMathewsundMacLeodbeschrieben.








denselbenMechanismen beruhen. Die Reaktionszeitunterschiede in beiden Aufgabenversionen
scheinendurchdasautomatisierteLesenderaufgabenirrelevantenWörterzustandezukommen.
DerWortinhalt scheintmit der Benennung der Schriftfarbe zu interferieren und somit zu einer
Verlängerung der Reaktionszeit zu führen. Im Unterschied zu emotionalen StroopAufgaben










DenobenbeschriebenenNetzwerktheorien folgend, scheinenemotional salienteWörter vergli





be abziehen (Dawkins& Furnham, 1989) oder andererseits von der vermehrten kognitivenAn
strengung die Verarbeitung assoziierter, jedoch aufgabenirrelevanter Informationen einzudäm
men(deRuiter&Brosschot,1994;Holmes,1974).LetzteresehenalsodiekognitiveVermeidung
bedrohlicher Stimuli alsursächlich fürdieverlangsamtenReaktionenbzgl. bedrohlicherWörter.
DamitimZusammenhangstehtderAnsatzdesresponsebias,derdavonausgeht,dassdieemoti
onale StroopInterferenz durchAntworttendenzen zustande kommt,wobei ängstlichePersonen
aufgrund ihrer Vermeidungstendenzen Schwierigkeiten haben, auf störungsrelevante Stimuli zu
reagieren(Asmundson&Stein,1994).DementsprechendkonntenHopeetal.(1990)einenpositi
venZusammenhangzwischendemselbsteingeschätztenVermeidungsverhaltenundderStroop
Interferenz zeigen (aber siehe van Niekerk et al., 1999). Bis heute sind die zugrundeliegenden
MechanismenderemotionalenStroopInterferenznurunzureichendgeklärt.InneuererZeitwird










nale StroopAufgaben genutzt. Der Grund dafür scheint nicht zuletzt die Praktikabilität dieses
Aufgabentypszusein.InfrüherenStudienwurdendenProbandenWortmatrizenaufKarten(sog.
CardFormat)gezeigtunddiebenötigteZeitderFarbbenennungallerWörtereinerKarteermittelt
(z.B. Hope et al., 1990;Mattia et al., 1993). Mit derWeiterentwicklung der Computertechnik
wurdeesmöglich,dieReaktionszeitaufeinzelneWörterexaktzumessen.NunkonntendieWör
ter verschiedener Kategorien randomisiert dargeboten werden. Beim Vergleich beider Darbie
tungsformen(Blockvs.sog.eventrelatedDesign)fielallerdingsauf,dassdieReaktionszeitunter
schiedezwischenbedrohungsassoziiertenundneutralenWörternbeiderrandomisiertenDarbie







che StroopEffekte. Zum einen beschreiben sie einen automatisierten schnellen StroopEffekt
(fast stroop effect), dessen Interferenzwirkung sich lediglich auf die Bearbeitung des aktuellen
Wortesbeschränkt.ZumanderengehensievonderExistenzeinesweiteren,langsamerenStroop
Effekts (slowstroopeffect) aus,wobeidie interferierendeWirkungeinesbedrohlichenStimulus
auchnachfolgendeTrialsbeeinflusst.HinweisefürdieExistenzvonÜbertragungseffektenexistie
renbereits(Fringsetal.,2010;McKenna&Sharma,2004).DieErgebnissebeschränkensichaller
dings auf gesunde Probanden. InwieweitÜbertragungseffekte auch bei Personenmit Angststö
rungeneineRollespielen,istbislangnochnichtuntersucht.WybleundKollegen(2008)versuch
ten mit ihrem computational Modell diese zeitlichen Veränderungen der emotionalen Stroop

























derem Maße beeinflussen. Folglich wurde davon ausgegangen, dass die emotionale Stroop
InterferenzbeisozialängstlichenPersoneninsbesonderedannzubeobachtenist,wenndieseeine




























Mineka,2001).DabeigehtmanvoneinemVerarbeitungswegaus,deroftmals reaktiv ist sowie












HofmannundKollegen (2012) fassen in ihremkognitivneurobiologischen Informationsverarbei
tungsmodell die bisherigen Ergebnisse zu den neuronalen Grundlagen sowie vorherrschenden
TheorievorstellungenzurEntstehungpathologischerÄngstezusammen.DieAutorenspezifizieren
ebenfalls unterschiedliche neuronale Pfade und assoziieren diesemit unterschiedlichen Phasen
der Angstreaktion. Als Ausgangspunkt diente hierbei die HypervigilanceAvoidanceHypothese.




ter Reaktionen. Aber auch eine vermehrte Selbstaufmerksamkeit und Prozesse wie das ‚Sich–
Sorgen‘werdendiesernachgeschaltetenPhasezugeschrieben.DieseProzessewerdenv.a.prä
frontalenHirnarealenzugeschrieben,derenFunktionalitätbeiPersonenmitpathologischenÄngs
ten eingeschränkt zu sein scheint. AbnormeReaktionen des insulären Kortex hingegenwerden
vondenAutorennichtklareinerderbeidenPhaseninnerhalbderAngstreaktionzugeordnet.
Nachfolgendwerden unterschiedliche Gehirnareale näher beleuchtet, die bei der Verarbeitung
angstinduzierenderReizeoderSituationendiskutiertwerden.DaranschließtsicheinAbschnittan,
deraufdieAktivierungsmusterderemotionalenInterferenzeingeht.ZumSchlusswerdenErgeb




bei der Wahrnehmung und Verarbeitung emotional bedeutsamer Reize involviert ist. Dabei
scheint die Modalität der Reize kaum eine Rolle zu spielen. So rufen aversive visuelle (u.a.
Adolphs&Spezio,2006;Almeidaetal.,2013),aberaucholfaktorische,gustatorischeundaudito
rischeReize(z.B.Jacobsetal.,2012;Zald,2003)eineAmygdalaaktivierunghervor.Insbesondere



















bei Personenmit Angststörungen die Stärke der Amygdalaaktivität bzgl. störungsrelevanter In
formationenmitderSymptomschwere(z.B.Armonyetal.,2005;Phanetal.,2006;Protopopescu












dass die Aktivierung der Amygdala dazu führt, dass emotional bedeutsame Reize in kortikalen
sensorischen Regionen verstärkt verarbeitet werden (siehe Pourtois et al., 2005; Schulz et al.,
2013;Shinetal.,2009).DieAmygdalascheintdemnachdieVerarbeitunginverschiedenennach




v.a. der Neurotransmitter Noradrenalin wichtig zu sein, welcher die Sympathikus
















gerAspektpräfrontalerFunktionen istdieHandlungsplanungund überwachung (sog. Exekutiv
funktionen).Damitassoziiert istdasEinleiten regulatorischerMechanismenbei Störungen (z.B.
Funahashi, 2001). Innerhalb emotionaler Prozesse wird dem PFC ebenfalls eine überwachende
undregulierendeFunktionzugesprochen(Urryetal.,2006).DieexpliziteEmotionsregulationin
volviert dabei neben einemweit verzweigten Netzwerk kortikaler Areale, v.a. präfrontale Kor
texareale(z.B.Ochsner&Gross,2008).DabeiwerdenpathologischeÄngsteimAllgemeinenmit
einer verringerten Fähigkeit zur Emotionsregulation und somitmit einer abnormenAktivierung
frontalerHirnareale assoziiert (z.B.Ochsner&Gross, 2005;Ochsner et al., 2004). In der Folge






die Modulation kognitiver, motorischer, endokriner und viszeraler Reaktionen. Allgemein
wirddieRegionmittopdownundbottomupProzessenassoziiert(füreinenÜberblicksiehe
Bushetal.,2000;Pessoa,2008). In ihremReviewuntergliedernBushetal. (2000)denACC in







die eine verstärkte Aufmerksamkeitszuwendung auf verhaltensrelevante Stimuli bewirken.
Darüber hinauswird angenommen, dass der dorsaleACCwesentlich in die dynamische In
tegrationvonkognitivenundautonomenProzesseninvolviertist,indemerkörperlicheErre
gungszustände in Reaktion auf Umweltanforderungen moduliert und damit zur adaptiven
Verhaltensregulationbeiträgt (füreinenÜberblicksieheBushetal.,2000).NeuereBefunde










zuzuordnen ist [rostraler Teil des anterioren midzingulären Kortex (aMCC)]. Hauptsächlich
dieseRegionerhält InputvonderAmygdala,wasalsweitererBeweisdafürgezähltwerden
kann, dass v.a. diese Region innerhalb der Verarbeitung bedrohlicher Reize involviert ist
(Vogt,2005).EineabschließendeAussagebzgl.derFunktionalitäteinzelnerSubregionendesACC
lässtjedochzumjetzigenZeitpunktnichttreffen.DazubedarfesweiterführenderStudien.










rogenität auf.Nicht zuletzt aus diesemGrundwurden verschiedeneUnterteilungen desOFC in
unterschiedlicheSubregionenvorgenommen(füreinenÜberblicksieheKringelbach&Rolls,2004;










involviert (z.B.Gottfried&Dolan,2004).Dies ist inbesonderemMaße fürdieEntwicklungund
AufrechterhaltungemotionalerStörungenwichtig.AndereStudienfokussiertenv.a.dieRolledes
OFCbeiderExpressionvonEmotionen(z.B.Davidsonetal.,2000;RempelClower,2007).Indie
sem Zusammenhang werden Verbindungen dieser Hirnregionen zu Arealen diskutiert, die am
emotionalenAusdruckundderautonomenAktivierungbeteiligtsind.InihremReviewunterteilen






ten bedrohlicher Reize (z.B. John, 2004). Der laterale PFC (lPFC)und dermediale PFC (mPFC)
scheinen innerhalb solcher sog. ReappraisalTechniken involviert zu sein, indem die Regionen
emotionaleProzesseu.a.inderAmygdalaundimOFCmodulierensowiedieEvaluationderemo
tionalenBedeutungwahrgenommenerStimulibeeinflussen(sieheHofmannetal.,2012).Eskonn
te gezeigt werden, dass der dorsomediale PFC (dmPFC) an der bewussten Umbewertung (re
appraisal) insbesonderebei Personenmit einer sozialenAngststörung, aber auchbei gesunden








unterschiedlichsterModalitäten relevant zu sein (z.B.Nagai et al., 2007) und eineDysfunktion








len,welchemit emotionalenErfahrungenassoziiert sind (Critchleyet al., 2004;Damasio, 1999;
Paulus&Stein,2006).IndiesemZusammenhangkonntegezeigtwerden,dassdieAktivitätdieser
Region mit pulmonalen Sensationen (Banzett et al., 2000; Brannan et al., 2001) und der
kardiovaskulären Funktion bzw. deren Regulation assoziiert ist (Oppenheimer et al., 1992;











lang v.a. eine modifizierte Version der emotionalen StroopAufgabe verwendet (emotional

















Mediatorrolle im Rahmen der ACCAmygdalaRegulation zu (sieheMohanty et al., 2007). Nach
dentheoretischenÜberlegungen,dieeinefunktionelleTrennungdesACCineinen‚emotionalen‘
undeinen ‚kognitiven‘ Teil postulieren (sieheBushet al., 2000), solltebei emotionalen Interfe
renzaufgabeneherderventraleTeildesACCbeteiligtseinundbeikognitivenInterferenzaufgaben
eherderdorsaleTeildesACC[abersieheErgebnissevonVogtundKollegen(Vogt,2005;Vogt,
2009) sowie Kapitel 1.3.2].Wyble und Kollegen (2008) treffenmit ihremModell Vorhersagen
bzgl.dynamischerAdaptionenundsageneineDeaktivierungdesdorsalenACCundeineAktivie
rungdesrostralenACCinfolgeeinesemotionalsalientenStimulusvorher.DesWeiterenpostulie
ren die Autoren, dass die Aktivierung des rostralen ACC eine Beeinträchtigung der Performanz
bzgl. der eigentlichen Aufgabe nach sich zieht,waswiederum eine Deaktivierung des dorsalen
ACCundindirektdesPFCzurFolgehat.GenerellwirddemACC(undinsbesonderedemrostralen
Teil) eine wichtige Rolle beim Monitoring emotionaler Konflikte und der topdownRegulation
anderer Strukturen, bspw. der Amygdala, zugeschrieben (z.B. Egner et al., 2008; Etkin et al.,












fach gezeigtwerden, dass das subjektive Angstlevel kognitive Kontrollmechanismen beeinflusst
(füreinenÜberblicksieheMueller,2011).Allerdingsistbishernochunzureichendgeklärt,inwel
chenHirnarealendieAktivierungdurchemotionaleDistraktorenbeeinflusstwirdund inwieweit





























Aktivierungsmuster im insulärenKortex (Gentilietal.,2008;Klumppetal.,2012;Straubeetal.,
2004;Zivetal.,2013),parahippocampalenGyrus(Goldinetal.,2009b;Steinetal.,2002b;Straube
etal.,2004)undinpräfrontalenKorterxarealen,wiedemOFC(Goldinetal.,2009b;Phanetal.,
2013), demACC (Amir et al., 2005; Goldin et al., 2009b; Labuschagne et al., 2012), demdlPFC
(Blair et al., 2008b;Gentili et al., 2008)unddemmPFC (Blair et al., 2008b; Labuschagneet al.,
2012;Zivetal.,2013)beiPersonenmitsozialerAngstgezeigt.Zudemkonntebeisozialängstlichen
Personen eine gesteigerteAktivierung diverserHirnareale nachgewiesenwerden, die allgemein
fürdieVerarbeitungvonGesichternundderenEvaluationrelevantsind,wiederfusiformeGyrus
(Straube et al., 2004; Straube et al., 2005) oder der superior temporale Sulkus (Gentili et al.,
2008).DabeischeintdieBlickrichtungdergezeigtenGesichterebenfallseineRollezuspielen.So







re Zahl von Studien, welche die neuronalen Korrelate während der Verarbeitung anderer stö
rungsassoziierter Stimuli untersuchten. Birbaumer et al. (1998) und Schneider et al. (1999) be
schrieben eineAmygdalahyperaktivierung auf unangenehmeGerüche bei sozialängstlichen Per
sonen.QuadfliegundKollegen(2008)fandeneinegesteigerteAktivierungu.a.desOFCbeiPer
sonenmitsozialerAngstinReaktionaufärgerlicheprosodischeStimuli.Shahetal.(2009)berich
teten eine erhöhte Aktivierung der Amygdala und des insulären Kortex auf negative Bilder bei
PersonenmiteinersozialenAngststörung.BlairundKollegen(2008a)konntenzeigen,dassPerso
nenmitsozialerAngsteineHyperaktivitätbestimmterHirnareale(v.a.AmygdalaundmPFC)auf
weisen,wenn ihnennegativeAussagengezeigtwurden,die sichaufdieeigenevs. eine andere







zeigten sich auch bei derVerarbeitung emotionalerGesichtsausdrückewährend die Probanden
eineimplizite(HyperaktivierungderAmygdalaunddesparahippocampalenGyrus)undeineexpli
ziteAufgabe(HyperaktivierungdesinsulärenKortex)bearbeiteten(Straubeetal.,2004;abersie
he Carré et al., 2013). In diesem Zusammenhangweisen Cooney und Kollegen (2006) auf eine
schnellere Orientierungsreaktion bzw. initiale Angstreaktion bei Personen mit einer sozialen
Angststörung hin, wobei die Amygdala einewichtige Rolle zu spielen scheint (siehe dazu auch
Gläscher&Adolphs,2003;Wright&Liu,2006).DarüberhinausscheintesPersonenmitsozialer
Angst schwerzufallen, die initiale Amygdalaaktivität (und die damit verbundenen Angstreaktio
nen) zu inhibieren (Amir et al., 2005; Campbell et al., 2007;Goldin et al., 2009a; Schulz et al.,
2013).
BishergibteszweiMetaAnalysen,welchedieabnormenAktivierungsmusterwährendderVerar




sierungdieserErgebnisse auf andereStimuli eingeschränkt. Interessant imHinblickaufdiedrei




eine reizübergreifendebzw. eineeher generelle abnorme Funktionalität derAmygdalaunddes
insulärenKortexbeiPersonenmitsozialerAngsthindeuten.Allgemeinscheinenjedochwährend









reduzierten Aktivität der Amygdalawährend einer öffentlichen Rede assoziiert (Furmark et al.,

















DasModell von Clark undWells (1995)weist darauf hin, dass bei Personenmit einer sozialen
Angststörung sowohl während der tatsächlichen Konfrontation als auch der Antizipation sozial
bedrohlicherSituationenähnlichProzesseablaufen.Hinweisedazu lassensichauchvermehrt in




















Die Ergebnisse dieser Studien sind aufgrund der gewählten Experimentaldesigns lediglich unter
Vorbehaltzu interpretieren. InderStudievonTillforsetal. (2002) istderEffektderReihenfolge
derBedingungenunddessen konfundierender Einflussnicht abzuschätzen. Ebenso kritisch sind
derfehlendeVergleichzueinerKontrollgruppesowiedieDatenakquisewährenddesHaltensei
ner privaten Rede, die vor (Antizipationsbedingung) vs. nach (Kontrollbedingung) dem Halten
eineröffentlichenRedelag.EinetwasanderesDesignwähltenLorberbaumundKollegen(2004).
DieAutorenverglichenPersonenmitundohnesozialeAngstwährendderAntizipationeinerRede
vs. einer Entspannungsphase, in der die Probandenu.a. auf ihreAtmung achten sollten.Diese
Kontrollbedingung istvordemHintergrunddesuntersuchtenStörungsbildeskritischzubetrach
ten, damit der Instruktionwährendder EntspannungsübungeineAufmerksamkeitslenkungauf
internale Vorgänge vorgenommenwird, die ebenfallswährend sozialer Angst bei Personenmit
einersozialenAngststörungvermutetwird(sieheKap.1.2.3).Brühletal.(2013)untersuchtenin
ihrerStudiedieneuronalenGrundlagenderAntizipationnegativerBilderbeiPersonenmiteiner















andereHirnstrukturen relevant sind.Die InkonsistenzderBefundekönnteaucheinHinweisda
raufsein,dassdierealeoderantizipierteKonfrontationmitgefürchtetenSituationenoderReizen
mehrere z. T. sequentiell ablaufende Prozesse in Gang setzt [sieheModell vonHofmann et al.
(2012)].
Zusammenfassend lässt sich sagen, dass die Befundlage zu veränderten neuronalen Aktivie





rungsrelevanter Informationen) Veränderungen der neuronalen Aktivierungsmuster nach sich













denen Hirnarealen eine abnorme Aktivierung zeigen (für einen Überblick siehe Etkin&Wager,








Reizes scheint die Verarbeitung nachfolgender Reize zu beeinflussen (siehe Kap. 1.2.4). Zudem
scheinen einige Prozesse bereits vor der angstbesetzten Situation, also in Vorbereitung dieser,





3) bei Personenmit einer sozialenAngststörunguntersuchen.AbnormeAktivierungsmusterbei








zeitlichen Verlauf während der Präsentation bzw. Ankündigung störungsrelevanter Reize oder
SituationenbeiPersonenmiteinersozialenAngststörungzuuntersuchen.DieErgebnissederdrei









sozialen Angststörung. Die emotionale Interferenz wurde mittels einer emotionalen Stroop
Aufgaberealisiert.ObwohldieserAufgabentypzurOperationalisierungderemotionalen Interfe
renz am häufigsten genutzt wurde, sind die neuronalen Grundlagen der emotionalen Stroop
Interferenzv.a.beiPersonenmitsozialerAngstaberauchmitanderenpathologischenÄngsten
nochweitestgehendungeklärt.Erst inden letztenJahrenwurdenStudienveröffentlicht,welche




rungen inanderenHirnarealenpostuliert. In jüngsterZeitwirdzunehmendderzeitlicheVerlauf
der emotionalen StroopInterferenz untersucht. In diesem Zusammenhang wurden Übertra
gungseffekte, welche die Verarbeitung des nachfolgenden Trials beeinflussen, diskutiert. Eine
ForschergruppeuntersuchtebereitsdieneuronalenGrundlagenadaptiverMechanismenwährend
derVerarbeitungemotionalerReizesowohlbeigesunden(Etkinetal.,2006)alsauchbeiPerso




ren in ihrem kognitiven Informationsverarbeitungsmodell eine erhöhte Selbstfokussierung der
AufmerksamkeitbeiPersonenmiteinersozialenAngststörung.Eswirdvermutet,dassdiesePro
zesse bereits stattfinden,wenn eine sozial bedrohliche Situation noch in der Zukunft liegt und
















2012;Wrightetal.,2001).ÄhnlichpostulierenHofmannundKollegen (2012) in ihremkognitiv
neurobiologischen Informationsverarbeitungsmodell differenzielle zeitlicheVerläufe der Aktivie
rungsmuster in unterschiedlichen Hirnarealenwährend der Angstreaktion (siehe Kap. 1.3). Das
ModellistallerdingsnichtspezifischfürdieablaufendenProzessebeiPersonenmiteinersozialen
Angststörung.BeidieserPatientengruppescheinenbspw.einevermehrteSelbstfokussierungder
Aufmerksamkeit und damit assoziierte Prozesse eine entscheidende Rolle zu spielen (Clark &
Wells,1995).VordiesemHintergrundwirdv.a.deminsulärenKortexeinewichtigeRolle inner
halb pathologischer sozialer Angstzustände zugeschrieben (siehe auch Etkin & Wager, 2007;
FreitasFerrarietal.,2010;Shin&Liberzon,2009).InderStudie2dervorliegendenArbeitwurde




Die Studie 3 der vorliegenden Arbeit untersucht die neuronalen Grundlagen bei Personenmit
sozialerAngstwährendderKonfrontationmitsozialbedrohlichenSituationen.SozialeSituationen
sind imMRTScanner nur schwer zu realisieren.DadasReden vor anderenMenschen von fast
allenPersonenmiteinersozialenAngststörungalsangstbesetztangegebenwirdundeineRedesi
tuationimScannerrechteinfachherzustellenist,existiertbereitseineReihevonStudien,welche
die neuronalen Korrelate während einer öffentlichen Redesituation bei Personen mit sozialer
Angst untersuchten (siehe die PositronEmissionsTomographieStudien der Arbeitsgruppe um
Mats Fredrikson; vergleiche dazu auch Kap. 1.3.5). Allerdings sind die Bewegungsartefakte, die
durchdieSprechbewegungenentstehen,zugroß,umeinereliableAufbereitungderMRTDaten
zugewährleisten.VorallemausdiesemGrundwurdenimRahmenderStudie3Videosentwickelt,




















































































Taskunrelateddisorderrelevant stimuli impair cognitiveperformance in social anxietydisorder
(SAD);however, timecourseandneuralcorrelatesofemotional interferenceareunknown.The






of the inferior frontal gyrus during emotional interference of the current trial in SAD patients.
Furthermore,we foundapositive correlationbetweenpatients’ interference scoresandactiva
tioninthemPFC,dorsalACCandleftangular/supramarginalgyrus.Resultsindicateanetworkof










Individuals suffering from social anxiety disorder (SAD) showed biased processing of disorder
related information (HeinrichsandHofmann,2001;Spokasetal.,2007). In thiscontext, several
studies have shown that SAD patients exhibit strong sensitivity towards disorderrelated cues,
suchassociallythreateningwordsoraversive facialexpressions (HeinrichsandHofmann,2001;
Hirsch et al., 2006). Primarily, attentional bias – the capture of attention and interference by
threatrelated information – has been investigated in SAD patients (Heinrichs and Hofmann,






and thus to cause increased reaction times (e.g., Phaf andKan, 2007;Williams et al., 1996). In
general,patientswithanxietydisordersshowincreasedreactiontimestodisorderrelatescuesin
emotional stroop tasks (seeWilliams et al., 1996). Moreover, there is evidence for emotional










brain areaswere shown to be activated during the processing of threatrelated information in
patientswithSAD(e.g.,EtkinandWager,2007;Phanetal.,2005;Schmidtetal.,2010;Straubeet
al.,2004a;Straubeetal.,2005).Subcorticalareas,suchastheamygdala,havebeenproposedto
mediate automatic, bottomup processing of emotional, and especially of threatening stimuli
(Öhman,2005).Withits interconnectionstovariouscorticalareasaswellasthebrainstemand
thehypothalamus,theamygdalaplaysacentralroleinalertingresponses,theregulationofthe









(e.g.,Critchley etal., 2004;Paulusand Stein,2006; Schmidt etal., 2010; Straube etal., 2004a;
Straubeetal.,2006;StraubeandMiltner,2006;StraubeandMiltner,2011).
Medial areasof theprefrontal cortex, including theACChavebeen suggested tobe in
volvedincognitiveemotionalinteractions(e.g.,Pessoa,2008).Theseareaswereconsideredtobe
relevant for higher cognitive appraisal processes, including the experience but also the control
andregulationofemotional responses.Previousstudies inhealthysubjectsshowedthatrostral











with increased emotional, perceptual and semantic processing of this disorderrelated infor
mationand,therefore,withincreasedresponsesinamygdala,insulaandmedialprefrontalareas
(e.g. Citron, 2012; Schmidt et al., 2010; Straube et al., 2004b; Straube et al., 2011b) aswell as
languageareasthatareimplementedinwordprocessing.Emotionalwordshavebeenshownto
increaseactivationinseverallefthemisphericwordprocessingareas,includingtheoperularpart



















analyses. Therefore, final samples under study consist of 16 SAD and 16HC subjects. Allwere











ofDSMIVTRaxis IIpersonalitydisorderswere fulfilledbyeightpatients (sixwithavoidantand
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  !" and the BDI (Beck Depression










(COSMAS II; version 3.6.1, #$%










zation of stimulus orderwas used to secure an equal number of stimulus pairs (neutralwords
withaprecedingneutralword[NN];neutralwordswithaprecedingsocialword[SN];socialwords
withaprecedingneutralword[NS];andsocialwordswithaprecedingsocialword[SS]).Thisspe
cial randomization allowed analyses of the effect of the actual trial without confound by the


































the relevant, planned contrasts of predictor estimates (betaweights)were computed for each
individual.Secondly,arandomeffectgroupanalysisoftheseindividualcontrastswasperformed.
Analyseswere conducted for specific regionsof interest (ROIs). Following theapproach recom
mended by Eickhoff et al. 2006, we extracted the amygdala ROI consisting of three bilateral
amygdalamaximumprobabilitymaps (laterobasal, centromedial, and superficial; 9,077mm³ in
total)of theanatomytoolbox (Eickhoffetal.,2005).ROIs for thebilateral insula (32,822mm³),


























































































eral emotionassociatedbrain regions, suchas left amygdala,bilateral insula,mPFC, anddorsal
ACCtocurrentsocialvs.neutralwordsinSADvs.HCsubjects.Additionally,abrainregionthatis
essentially involved in language processing, the operular IFG containing Broca’s area, was also
hyperactivated inSADpatientsas compared tohealthysubjects.Correlationalanalyses showed
that the amount of the fast interference effectwas positively associatedwith the activation in
mPFC,dorsalACC,andleftangulargyrusinSADpatients.











FMRIdata showed that theprocessingof threatrelatedwords is associatedwithan in




ing words was found ( et al. ' "()$

$%is in accordance with the
assumptionofa threatprocessingsystemthatdirectsattentionautomatically to informationof
potential harm (LeDoux, 2003; Öhman and Soares, 1993). This increased attention towards
threateningstimulihasbeenproposedtoleadtotheobservedextendedreactiontimesinemo
tionalstroop(foranoverviewseeWilliamsetal.,1996)andother interferencetasks.However,
we foundnoevidence foradirectconnectionbetweenamygdalaactivationand theamountof
emotionalinterference.Instead,forwords,regionsinvolvedinsemanticprocessingandexecutive
areasseemtobeassociatedwiththiseffect,asdiscussedbelow.













Broca’s areawhich is an important anterior language area. This is in accordancewith previous
studiesthatshowedopercularIFGhyperactivationtonegativevs.neutralwordprocessing(Elliott
etal.,2000;Maddocketal.,2003;Straubeetal.,2004b).Furthermore,activationoftheleftangu
lar/supramarginal gyrus was positively correlated with reaction time differences of fast stroop
effectinSADbutnotinHCsubjects.Thisregionwasshowntobeinvolvedinsemanticprocessing
andreadingcomprehensionofwords(Binderetal.,2009;SeghierandPrice,2013;Vigneauetal.,




Prefrontalareaswerealso involvedduring theprocessingof threatwords.SADpatients
showed a hyperactivation of the dorsal ACC. Additionally, dorsal ACC activationwas positively
correlatedwithreactiontimedifferencesofemotionalstroop interference inSADpatients.This










referential (Amodio and Frith, 2006; Johnson et al., 2002;Mitchell et al., 2005;Northoff et al.,











ety (e.g., Bishop et al., 2004; Etkin et al., 2006; Etkin et al., 2010). Results thusmight depend




ference inpatientswithSADduring thecurrentbutnot thesubsequent trial.Theprocessingof
disorderrelatedwordswasassociatedwithactivation inamygdala, insula,prefrontalareas,and
brainregionsthatareessential in languageprocessing.Results indicatethatdisorderrelatedin
formation–althoughnottaskrelevant–receivesextendedprocessingresourcesinSADpatients.
Specifically, activation in mPFC and left angular/supramarginal gyrus was correlated with the
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Brain activation during anticipatory anxiety in social
anxiety disorder
Stephanie Boehme,1 Viktoria Ritter,2 Susan Tefikow,3 Ulrich Stangier,2 Bernhard Strauss,3 Wolfgang H. R. Miltner,1
and Thomas Straube4
1Department of Biological and Clinical Psychology, Friedrich Schiller University Jena, Am Steiger 3/1, D-07743 Jena, Germany, 2Department of
Clinical Psychology and Psychotherapy, Goethe-University Frankfurt, Varrentrappstr. 40-42, D-60486 Frankfurt am Main, Germany, 3Institute of
Psychosocial Medicine and Psychotherapy, Jena University HospitalFriedrich Schiller University, Stoystr. 3, D-07740 Jena, Germany, and
4Institute of Medical Psychology and Systems Neuroscience, University of Muenster, Von-Esmarch-Str. 52, D-48149 Muenster, Germany
Exaggerated anticipatory anxiety during expectation of performance-related situations is an important feature of the psychopathology of social anxiety
disorder (SAD). The neural basis of anticipatory anxiety in SAD has not been investigated in controlled studies. The current study used functional
magnetic resonance imaging (fMRI) to investigate the neural correlates during the anticipation of public and evaluated speaking vs a control condition
in 17 SAD patients and 17 healthy control subjects. FMRI results show increased activation of the insula and decreased activation of the ventral
striatum in SAD patients, compared to control subjects during anticipation of a speech vs the control condition. In addition, an activation of the
amygdala in SAD patients during the first half of the anticipation phase in the speech condition was observed. Finally, the amount of anticipatory anxiety
of SAD patients was negatively correlated to the activation of the ventral striatum. This suggests an association between incentive function, motivation
and anticipatory anxiety when SAD patients expect a performance situation.
Keywords: social phobia; anticipatory anxiety; fMRI; ventral striatum; insula; amygdala
INTRODUCTION
Individuals suffering from social anxiety disorder (SAD), classified as
‘social phobia’ in DSM-IV-TR show exaggerated fear responses when
confronted with social situations, especially concerning performance
situations such as giving a speech. Even when such social situations are
anticipated, pronounced anxiety symptoms emerge.
In search of the neural basis of SAD, brain circuits have been iden-
tified that are involved in the pathophysiology of this disorder. By
means of functional brain imaging, increased amygdala activation
was shown in response to disorder-related stimuli as well as during
symptom provocation (for an overview, see Miskovic and Schmidt,
2012). These findings support influential models suggesting a signifi-
cant role of the amygdala in the processing of threat-related stimuli,
especially in the rapid detection of threat and the initiation of defense
behaviors (LeDoux, 1998; Öhman and Mineka, 2001). An involvement
of other brain areas such as the insula (e.g. Straube et al., 2004; Yoon
et al., 2007) and medial prefrontal cortex (mPFC; e.g. Stein et al., 2002;
Blair et al., 2011) has also been reported in SAD. For example, activa-
tion of the insula, a brain region strongly involved in interoception and
representation of bodily states, might support aversive feelings by
the perception of bodily states of arousal (e.g. Straube et al., 2004),
whereas activation of the mPFC was suggested to reflect changed self-
referential attention in SAD (e.g. Blair et al., 2011).
Furthermore, several studies reported decreased responses of the
striatum during a cognitive task and a reduced function of the meso-
limbic dopamine system in general in SAD patients (e.g. Tiihonen
et al., 1997; Sareen et al., 2007; Schneier et al., 2009). It has been
proposed that dysfunctions of the striatum, especially of the ventral
section, are associated with avoidance behaviors and impaired motiv-
ation. Thus, this dysfunction might impair successful coping with
threat of potential negative evaluation (Schneier et al., 2009).
However, the role of the striatum in SAD patients has not been inves-
tigated in the context of symptom provocation or during the process-
ing of disorder-related stimuli.
In contrast to several studies on brain activation during the presence
of disorder-related stimuli and performance situations, there are no
sufficiently controlled functional imaging studies examining anticipa-
tory anxiety in SAD. A positron emission tomography study by Tillfors
et al. (2002) reported increased amygdala activation in SAD patients
during private speaking when it was known that public speaking fol-
lowed, as compared to private speaking that followed after public
speaking. This differential amygdala response was interpreted to be
related to the anticipatory component. However, the absence of a con-
trol group, the small sample size (n¼ 9), the unbalanced order of
experimental conditions and the presence of actual speech during an-
ticipation of public speaking all might affect the findings of this study.
Lorberbaum et al. (2004) compared neural correlates of anticipating a
public speech vs a rest condition in SAD patients during functional
magnetic resonance imaging (fMRI). Findings showed increased acti-
vation in temporal lobe and limbic regions, including amygdala and
insula, and decreased activation in prefrontal areas in SAD patients as
compared to healthy controls (HC). However, a small sample size
(n¼ 8) and the absence of an appropriate control condition limit
the conclusions which can be drawn from this study.
Several studies in healthy subjects and individuals with other anxiety
disorders have investigated the functional neuroanatomy of anticipa-
tory anxiety to specific threat stimuli (e.g. Boshuisen et al., 2002;
Nitschke et al., 2006; Simmons et al., 2006; Straube et al., 2007,
2008, 2009; Somerville et al., 2010; Carlson et al., 2011). These studies
reported, for example, activation in the insula (Boshuisen et al., 2002;
Nitschke et al., 2006; Simmons et al., 2006; Straube et al., 2007, 2008;
Carlson et al., 2011) and the bed nucleus of the stria terminalis (BNST;
Straube et al., 2007; Somerville et al., 2010), which belongs to the so-
called extended amygdala and has been proposed to be involved in
sustained and unpredictable threat (Davis et al., 2009). Furthermore,
depending on several factors, activations and deactivations in different
prefrontal areas (Boshuisen et al., 2002; Ploghaus et al., 2003; Kalisch
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et al., 2006; Nitschke et al., 2006; Simmons et al., 2006; Straube et al.,
2007, 2008, 2009) have been reported during anticipatory anxiety.
The neural basis of anticipatory anxiety in SAD patients remains to
be investigated with appropriate paradigms. In the present study, we
used fMRI to examine brain activation in the amygdala, insula, mPFC,
BNST, dorsal and ventral striatum during the anticipation of public
speaking vs the anticipation of a control condition in both SAD pa-
tients and HC subjects. In addition to the factorial approach, we also
investigated the association between the magnitude of experienced
anticipatory anxiety and brain activation.
MATERIALS AND METHODS
Subjects
Seventeen patients with a primary diagnose of SAD and 17 HC subjects
participated in the study. All participants were right-handed, with
normal or corrected-to-normal vision. They were recruited via
public announcement. All participants provided written, informed
consent for the study. The study was approved by the ethics committee
of the University of Jena. Diagnoses were confirmed by clinical psych-
ologists administering the Structured Clinical Interview for DSM-IV
Axis I and II disorders (SCID I and II; Fydrich et al., 1997; Wittchen
et al., 1997). Exclusion criteria were any of the following: (i) a diag-
nosis of obsessive–compulsive disorder, current alcohol or substance
abuse, any psychotic disorder or dementia and current primary or
secondary major depression; (ii) a history of seizures or head injury
with loss of consciousness; (iii) a severe uncontrollable medical con-
dition; or (iv) the use of any psychotropic medication within the pre-
ceding 6 months. HC were free of any psychopathology. In the SAD
sample under study, two patients met the criteria of another anxiety
disorder (generalized anxiety disorder and agoraphobia with history of
panic disorder), nine patients were diagnosed with affective disorder in
their past (dysthymia or past major depressive disorder, recurrent, in
full remission), and 10 patients fit criteria of an Axis II personality
disorder [anxious (avoidant) personality disorder, obsessive–compul-
sive personality disorder, dependent personality disorder, paranoid
personality disorder]. SAD and HC subjects were matched for age,
education (Table 1) and gender (SAD: seven females; HC: six females;
2[1]¼ 0.13; P> 0.05). Before scanning, all participants completed the
LSAS (Liebowitz Social Anxiety Scale, German version; Stangier and
Heidenreich, 2005) and BDI (Beck Depression Inventory, German ver-
sion; Hautzinger et al., 1995) questionnaire. SAD patients scored sig-
nificantly higher on both LSAS and BDI questionnaires than the
control subjects (Table 1).
Paradigm
Subjects were told that the experiment consists of several speech and
computer test blocks presented in random order. Furthermore, par-
ticipants were advised that during the computer test blocks the com-
plicated and interference prone equipment had to be tested by the
experimenter to avoid problems during the experiment. Both antici-
patory conditions started with a 20 s baseline fixation cross which was
followed by a 3 s cue signaling either the speech (announced by the
word ‘speech’) or the control condition (‘computer test’). After this
cue, a 40 s anticipatory phase started. During this phase, a fixation
cross was shown. After the speech anticipatory phase, a very
common topic (e.g. ‘Tell me something about your favorite film’ or
‘Tell me something about your last vacation’) was visually presented
and a 2min speech time followed. Task performance was analyzed by
means of the number of words produced during the speech conditions.
After the anticipatory phase in the control condition a word was dis-
played and subjects simply had to say the word aloud. The speech topic
and the control word were presented for 3 s. A dummy video camera
was attached to the MRI to heighten the social character of the situ-
ation. Subjects were told that their speeches, but not the reading of the
test word, would be recorded by this camera. Subjects were also told
that the tape will be evaluated by two independent experts concerning
word fluency and eloquence. Participants were debriefed after the
experiment.
During fMRI scanning, there were three speech and three control
sessions presented in counterbalanced order across participants.
Scanning did not include the speech or the reading of the test word.
After MRI scanning, participants rated the unpleasantness, arousal and
anxiety they felt during anticipatory phases in the speech as well as in
the test condition using a nine-point Likert scale (unpleasantness:
1¼ very pleasant to 9¼ very unpleasant, whereas 5¼ neutral; arousal:
1¼ not arousing/sedate to 9¼ very arousing; anxiety: 1¼ not anxious,
9¼ very anxious). Behavioral data were analyzed by repeated measures
analyses of variance (ANOVA) and t-tests using the SPSS software
(Version 19.0.0.1, SPSS, Inc.). For ANOVA, a probability level of
P< 0.05 was considered statistically significant.
Functional MRI
The neural data were recorded in a 3 tesla magnetic resonance scanner
(‘Magnetom TIM TRIO’, Siemens, Medical Solutions, Erlangen,
Germany). After a T1-weighted anatomical scan, six runs with 26 vol-
umes (3 speeches and 3 control conditions) were conducted using
a T2*-weighted echo-planar sequence (echo time¼ 30 ms, flip
angle¼ 908, matrix¼ 64 64, field of view¼ 192mm, repetition time -
3 s). Each volume consisted of 40 axial slices (thickness¼ 3mm,
gap¼ 0mm, in plane resolution¼ 3 3mm). The first four volumes
of each run were discarded from analysis to ensure that steady-state
tissue magnetization was reached.
FMRI data preprocessing and analyzing were conducted by using the
BrainVoyager QX software package (Version 1.10.4; Brain Innovation,
Maastricht, The Netherlands). To begin, all volumes were realigned to
the first volume in order to minimize artifacts due to head movements.
Data were controlled for movement artifacts (>3mm in any direction).
No participant showed movement artifacts and thus no participant
had to be excluded from analysis. Further data preprocessing
comprised spatial (8mm full-width half-maximum isotropic
Gaussian kernel) and temporal smoothing (low pass filter: 2.8 s). The
anatomical and functional images were co-registered and normalized
to the Talairach space (Talairach and Tournoux, 1988).
Statistical analyses were performed by multiple linear regression of
the signal time course at each voxel. The expected blood oxygen-level-
dependent (BOLD) signal change for each event type (predictor) was
modeled by a canonical hemodynamic response function. The antici-
patory phases of speech and control test were defined as events of
Table 1 Demographic and questionnaire characteristics for patients with SAD and HC
concerning age, education, symptom severity (LSAS) and depression (BDI)
SAD HC t-value
Mean (s.d.) Mean (s.d.)
Age 31.12 30.82 0.09
(10.52) (8.63)
Education (in years) 11.29 11.50 0.63
(0.99) (0.89)
LSAS 75.06 19.65 10.23*
(19.71) (10.49)
BDI 13.56 4.76 3.64*
(9.08) (4.09)
*P< 0.05.









































interest. Statistical comparisons were conducted using a mixed effect
analysis, which considers inter-subject variance and permits popula-
tion-level inferences. First, voxel-wise statistical maps were generated
and the relevant, planned contrasts of predictor estimates (beta-
weights) were computed for each individual. Second, a random
effect group analysis of these individual contrasts was performed.
Analyses were conducted for specific regions of interest [ROIs;
defined by using the Talairach daemon software (http://www.ric.
uthscsa.edu/projects/talairachdaemon.html), BrainMap (Fox and
Lancaster, 2002); the ROI definition of the BNST based on the atlas
of (Mai et al., 1997) and our previous studies (e.g. Straube et al., 2004;
Straube et al., 2007)]. ROIs were the amygdala, insula, mPFC, BNST,
dorsal and ventral striatum.
Statistical parametric maps resulting from voxel-wise analyses were
considered statistically significant for clusters that survived a correc-
tion for multiple comparisons. For this purpose, we used the approach
as implemented in Brain Voyager [based on a 3D extension of the
randomization procedure described by Forman et al. (1995)]. First,
voxel-level threshold was set at P< 0.005 (uncorrected). Threshold
maps were then submitted to a ROI-based correction for multiple
comparisons. The correction is based on the estimation of the cluster
threshold that is the minimal number of voxels, which is necessary to
control for multiple comparisons. The cluster threshold criterion was
based on the estimate of map’s spatial smoothness (Forman et al.,
1995) and on an iterative procedure (Monte Carlo simulation). The
Monte Carlo simulation used 1000 iterations in order to estimate the
minimum cluster size threshold that yielded a cluster-level false-posi-
tive rate of 5%. This cluster size threshold was applied to the statistical
maps. Our search space comprised all ROIs. The cluster threshold for
the comparison of SAD vs HC subjects and speech > control anticipa-
tion was 120mm3 in this combined ROI map. Finally, correlation
analyses were conducted between brain activation within the ROIs
and anxiety ratings in SAD patients. Clusters of voxels with P<0.005
(uncorrected) were considered as significant when size >134mm3




Analyzing rating data revealed that both SAD and HC subjects rated
speech anticipation, in comparison to the control condition, as more
negative (F[1, 32]¼ 55.48, P< 0.05), more arousing (F[1, 32]¼ 94.26,
P<0.05) and more anxiety-inducing (F[1, 32]¼ 83.93, P< 0.05).
There was also a GroupAnticipatory condition effect (unpleasant-
ness: F[1, 32]¼ 12.86, P<0.05; arousal: F[1, 32]¼ 9.28, P<0.05; anx-
iety: F[1, 32]¼ 28.37, P< 0.05) based on increased ratings in SAD
patients as compared to HC subjects in the speech vs the control
condition. Figure 1 summarizes results of the rating data.
Task performance
Analyses of produced number of words during the speech condition
revealed that SAD patients spoke significantly fewer words than HC
subjects (SAD: 96.68 words; HC: 153.14 words; t[32]¼3.52,
P<0.05).
FMRI data
Interaction group by anticipatory condition
Increased brain activation in SAD patients compared to HC subjects in
response to the speech vs control anticipation was found in the right
insula (peak voxel Talairach coordinates: x¼ 47; y¼3; z¼ 5;
size¼ 1328mm3; t-value¼ 4.20; Figure 2). HC subjects showed
stronger activation than SAD patients in the ventral striatum in re-
sponse to the speech vs control anticipation (peak voxel Talairach
coordinates: x¼4; y¼ 10; z¼ 6; size¼ 243mm3; t-value¼ 3.18).
The bar chart in Figure 3 indicates that this effect is mainly due to a
relative deactivation in SAD patients in response to the speech vs the
control condition. Plotted against baseline (Figure 3), this effect seems
to be due to the speech condition, even though effects against the
fixation baseline are only interpretable with great caution. There
were no significant effects in the other ROIs.
In the amygdala, we found a cluster of increased brain activation in
SAD patients compared to HC subjects in response to the speech vs
control anticipation that did not exceed the required cluster size of
activated voxels (sub-threshold cluster size: 65mm3). As initial amyg-
dala responses to threat conditions have been suggested (e.g. LeDoux,
1998; Öhman and Mineka, 2001; Wright et al., 2001; Straube et al.,
2007; Wendt et al., 2008), we analyzed the time course specifically of
the amygdala response in more detail by dividing the 40 s anticipatory
phase into two 20 s sections (the new required cluster size is 81mm3;
estimation via Monte Carlo simulation; see Materials and Methods
section). The analysis showed a significant differential activation in
the right amygdala (peak voxel Talairach coordinates: x¼ 26; y¼2;
z¼8; size¼ 83mm3; t-value¼ 3.14) in speech vs control anticipa-
tion, in SAD patients vs HC subjects, in the first 20 s but not in the last
20 s of the anticipatory phase (Figure 4).
Correlation analysis
Correlation of anxiety ratings and brain activation in SAD patients
revealed a negative correlation between perceived anxiety during the
anticipatory phases and the activation in the ventral striatum (right:
peak voxel Talairach coordinates: x¼ 8; y¼ 7; z¼ 0; size¼ 212mm3;
r-value¼ 0.72; left: peak voxel Talairach coordinates: x¼7; y¼ 6;
z¼ 2; size¼ 387mm3; r-value¼ 0.82; Figure 3). There were no signifi-
cant correlations in the other ROIs.
DISCUSSION
The study’s objective was to investigate the neural correlates of antici-
patory anxiety in patients with SAD. Results show a hyperactivation of
the insula in SAD patients during speech anticipation. Furthermore,
the amygdala was significantly activated at the beginning of the speech
Fig. 1 Unpleasantness, arousal and anxiety ratings for the speech and control anticipatory phases in
patients with SAD and HC. Asterisks mark significant differences.









































anticipatory phase. The ventral striatum was deactivated in SAD pa-
tients during the speech anticipation. Moreover, this deactivation was
greater in patients who rated the speech anticipation more anxiety-
inducing.
Several studies have shown an insular involvement in the processing
of aversive emotional cues in SAD patients (e.g. Lorberbaum et al.,
2004; Straube et al., 2004; Yoon et al., 2007; but see Tillfors et al., 2001;
Stein et al., 2002), and in patients with anxiety disorder, in general (e.g.
Etkin and Wager, 2007). The insular region was shown to play an
important role in the representation of visceral and autonomic re-
sponses to emotional stimuli (e.g. Damasio et al., 2000; Critchley,
2004) and the integration of perceived feelings and other conditions
of the specific situation (Craig, 2009). The right anterior insula might
be particularly involved in the re-representation of sympathicus activ-
ity (Critchley, 2004). Therefore, the present insular hyperactivation
may indicate an increased processing of (negative) bodily sensations
in SAD patients even when a threatening event is merely anticipated.
Given that, it seems that anticipation of an anxiety-provoking event is
accompanied by an attentional shift toward detailed monitoring of
internal information (anxious feelings and physical fear responses).
Such processes were proposed to lead to a vicious circle of amplifying
anxiety reactions and to contribute to the maintenance of social anx-
iety (Clark and Wells, 1995).
The amygdala hyperactivation during anticipatory anxiety in SAD
was restricted to the first part of the anticipatory phase. This suggests a
temporally restricted role of the amygdala in anticipatory anxiety and
is in accordance with findings in specific phobia (Straube et al., 2007)
or anticipatory anxiety in healthy subjects (Straube et al., 2009). The
initial stronger amygdala response concurs with theoretic assumptions
(LeDoux, 1998; Whalen, 1998; Öhman and Mineka, 2001) and allo-
cates the amygdala a central role within a transient threat detection
system. This is also in accord with previous results that showed
an involvement of the amygdala in threat processing in SAD patients
(e.g. Stein et al., 2002; Tillfors et al., 2002; Lorberbaum et al., 2004;
Straube et al., 2004; Phan et al., 2006; Yoon et al., 2007; Schmidt et al.,
2010).
The most important finding of our study relates to the differential
activation in the ventral striatum between SAD and HC subjects.
During speech vs control anticipation, patients with SAD as compared
to HC subjects showed a deactivation. Furthermore, the activation in
this area was negatively associated with the perceived anticipatory anx-
iety in SAD patients, suggesting a link between incentive function,
motivation and anticipatory anxiety when SAD patients expect per-
formance situations. This could be related to increased aversion of
expected rejection (Tom et al., 2007) or an increased fear of negative
evaluation by others that is often accompanied by avoidance behaviors.
The striatal pattern might also reflect differences in reward anticipa-
tion. SAD participants may consider the control condition while not
being evaluated, as rewarding in comparison to the evaluated speech
condition. A lack of motivation to face the threat due to the overesti-
mation of negative consequences (Clark and Ehlers, 2002) may also be
related to the described activation patterns in the striatum. All this can
trigger safety behaviors that was identified as an important mainten-
ance factor of social anxiety, especially when avoidance behaviors take
place merely in anticipation of socially threatening situations (Clark
and Wells, 1995; Clark and Ehlers, 2002). Task performance data indi-
cated that SAD patients produced less words than HC subjects during
the speech condition, which might be at least partly also a consequence
of reduced striatum activity during the anticipation period. However,
due to the correlational nature of our study, this possible link remains
speculative.
Future studies should also investigate anticipatory anxiety during
variable anticipatory intervals and different kinds of anticipated
threat to clarify the role of other brain areas. It has been suggested
that the BNST is associated with anxiety during unpredictable threat
and sustained anxiety periods in anxiety disorders (e.g. Straube et al.,
Fig. 2 Differential brain activation during speech vs control anticipation. Patients with SAD display an enhanced activation in the right insula as compared to HC subjects (speech > control anticipatory phase).
Statistical parametric maps are overlaid on a T1 scan (radiologicalconvention: left¼ right). The plots on the bottom display contrasts of parameter estimates (speech > control anticipatory phase; mean s.e.
for maximally activated voxel).









































Fig. 3 Upper column: Differential brain activation during speech vs control anticipation. Patients with SAD display a decreased activation in the left ventral striatum as compared to HC subjects (speech > control
anticipatory phase). Bottom column: Brain activation in the left and right ventral striatum correlated significantly to anticipatory anxiety (self rated via nine-point Likert scale) in patients with SAD. The scatter
plot on the right side displays the relationship between contrasts of parameter estimates (speech–control anticipatory phase) and means anticipatory anxiety in SAD patients. Statistical parametric maps are
overlaid on a T1 scan (radiological convention: left¼ right).
Fig. 4 Differential brain activation during speech vs control anticipation in either the first or second part of the anticipatory phase (each 20 s). Patients with SAD, as compared to HC, display an enhanced
activation in the right amygdala in the first half of the anticipatory phase (speech > control anticipatory phase). Statistical parametric maps are overlaid on a T1 scan (radiological convention: left¼ right). The
plots on right side display contrasts of parameter estimates (speech  control anticipatory phase; mean s.e. for maximally activated voxel).









































2007; Davis et al., 2009). The current study found no effect in the
BNST. However, the BNST might be more relevant for vigilant anxiety
states associated with unpredictably occurring external threat signals
(Straube et al., 2007; Somerville et al., 2010). In our paradigm, there
was rather a predictable threat situation and SAD patients seem to be
strongly engaged in monitoring internal states. Future paradigms
might investigate anticipatory anxiety during unpredictable and sud-
denly occurring external threat in SAD. Furthermore, PFC activation
seems to be related to different cognitive strategies (e.g. Miller and
Cohen, 2001; Ochsner and Gross, 2005) and an involvement of this
region might occur when measures of coping behavior during the
anticipatory phase will be included.
In summary, the present study revealed neural correlates of antici-
patory anxiety in patients with SAD. The hyperactivated right insula
suggests a link between bodily responses and anticipatory anxiety in
SAD. The initial amygdala response revealed a time-restricted role in
anticipatory anxiety in SAD patients. Furthermore, decreased activa-
tion of the ventral striatum suggests an association between incentive
function, motivation and anticipatory anxiety when expecting per-
formance situations in SAD individuals. This hypothesis is also sup-
ported by the negative correlation between activation in the ventral
striatum and perceived anticipatory anxiety in patients suffering
from SAD.
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Area-dependent time courses of brain activation
during video-induced symptom provocation in
social anxiety disorder
Stephanie Boehme1*, Alexander Mohr1, Michael PI Becker2, Wolfgang HR Miltner1 and Thomas Straube2*
Abstract
Background: Previous functional imaging studies using symptom provocation in patients with social anxiety
disorder (SAD) reported inconsistent findings, which might be at least partially related to different time-dependent
activation profiles in different brain areas. In the present functional magnetic resonance imaging study, we used a
novel video-based symptom provocation design in order to investigate the magnitude and time course of activation in
different brain areas in 20 SAD patients and 20 healthy controls.
Results: The disorder-related videos induced increased anxiety in patients with SAD as compared to healthy controls.
Analyses of brain activation to disorder-related versus neutral video clips revealed amygdala activation during the first
but not during the second half of the clips in patients as compared to controls. In contrast, the activation in the insula
showed a reversed pattern with increased activation during the second but not during the first half of the video clips.
Furthermore, a cluster in the anterior dorsal anterior cingulate cortex showed a sustained response for the entire
duration of the videos.
Conclusions: The present findings suggest that different regions of the fear network show differential temporal
response patterns during video-induced symptom provocation in SAD. While the amygdala is involved during initial
threat processing, the insula seems to be more involved during subsequent anxiety responses. In accordance with
cognitive models of SAD, a medial prefrontal region engaged in emotional-cognitive interactions is generally
hyperactivated.
Keywords: Social anxiety disorder, Symptom provocation, Functional magnetic resonance imaging (fMRI),
Amygdala, Insula, Medial prefrontal cortex
Background
Individuals suffering from social anxiety disorder (SAD),
classified as ‘social phobia’ in DSM-IV-TR [1], show exag-
gerated fear responses in social or performance situations.
In particular, patients are excessively concerned about be-
ing evaluated negatively by others. In search of the neural
basis of SAD, different brain areas have been identified
that seem to be involved in SAD. By means of functional
brain imaging, heightened activation of the amygdala
has been found during the processing of disorder-related
stimuli (for example, [2-9]) as well as during symptom
provocation in SAD patients (for example, [10-14]),
supporting the assumed role of the amygdala in threat
processing [15,16]. Furthermore, several other regions
have been associated with increased activation in SAD,
including medial prefrontal areas, for example, dorsal
anterior cingulate cortex (ACC) and dorsomedial pre-
frontal cortex (dmPFC), and the insular cortex (for ex-
ample, [3,5,8,10,17-20]). Medial prefrontal cortex areas
have been proposed to be linked to explicit emotional
evaluation, emotional-cognitive interactions, self-referential
processing, and emotion-regulation [21-26]. The insula
seems to be involved in interoception and representation
of bodily states [27-29] and might support aversive feelings
by evaluating arousal responses [28,30,31].
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However, although these areas have been repeatedly
shown to be associated with the processing of disorder-
relevant stimuli in SAD and other anxiety disorders [32],
reported brain activation patterns are rather inconsistent
across studies with most studies describing different areas
to be involved. Furthermore, there are only few symptom
provocation studies as compared to the large number of
studies that investigated the neural correlates during the
processing of social stimuli such as facial expressions in
SAD patients. Remarkably, even though disorder-related
stimuli such as emotional faces do not induce reliable
anxiety symptoms in patients, they seem to activate parts
of an emotional network. However, findings are variable
and strongly depend on task conditions [8,9] and time
course parameters [18,33].
Reliable anxiety responses are induced by symptom
provocation designs such as actual or anticipated public
performance. Furthermore, findings from anxiety symp-
tom provocation studies should provide stronger evi-
dence which regions are involved in anxiety symptoms
in SAD. While some symptom provocation studies re-
ported increased amygdala activation during public
speaking in patients with SAD [11-14,34], studies using
other symptom provocation tasks did not [35-37]. Simi-
larly, there are also inconsistencies regarding the involve-
ment of the insula (see [10,12,13,35-38]) and prefrontal
regions in SAD [12-14,34,36,37].
Obviously, threat-related brain activation in SAD de-
pends on various factors, which are not well understood
yet. For example, some symptom provocation tasks such as
overt speaking tasks are associated with active performance
but are also inherently susceptible to brain imaging-
relevant artefacts such as head movements and per-
formance differences between patients and controls.
Moreover, in different tasks, different functions of the
threat-processing network might be involved. Furthermore
and most importantly, brain activation was shown to vary
over time in response to anticipatory anxiety in social
anxiety (see [10]) and some variability in previous findings
may be due to different time courses of brain activation.
Accordingly, there is general evidence that indicates differ-
ent time courses of several brain areas within the defense
cascade (for example, [39,40]). Thus, while the amygdala
has been suggested to be primarily relevant during the ini-
tial period of threat processing in healthy participants and
patients with phobias (for example, [39-42]), the insula
and prefrontal areas were shown to be associated with ex-
plicit and more sustained fear responses [39,40,42-44]. In
SAD, the time course of activation in different brain areas
during symptom provocation is largely unknown. A recent
study found increased amygdala activation only during the
first half of an anticipatory threat interval in SAD [10].
In the present study, we used a novel symptom provo-
cation design in SAD by presenting disorder-related and
neutral video clips. We developed a new set of video
stimuli for symptom provocation in SAD, based on evi-
dence that the use of short film clips represents one of
the most effective and reliable methods to induce emo-
tions in laboratory settings [45-47]. The study aimed to
investigate increased brain activation in several areas
that have been identified to be important in SAD during
symptom provocation (amygdala, insula, ACC, and
dmPFC). Activation was modelled to account (a) for the
full time course of the video clips, and (b) specifically,
for the first and (c) second half of the clips. If the amyg-
dala bears specific relevance for initial threat processing,
effects should be most pronounced during the first half
of the video clips. In contrast, responses in other areas
should also be manifest during the second half of the
video clips or may occur specifically during the second
half of the clips.
Methods
Participants
Twenty-one patients with a primary diagnosis of SAD of
the generalized subtype and 20 healthy control partici-
pants (HC) took part in the study. Due to strong head
movement (>3 mm) one patient had to be excluded
from analyses. Therefore, the final sample comprised 20
SAD and 20 HC participants. All were right-handed with
normal or corrected-to-normal vision. They were re-
cruited via public announcement and provided written
informed consent for participation. The study was ap-
proved by the ethics committee of the University of Jena.
Diagnoses were confirmed by clinical psychologists ad-
ministering the Structured Clinical Interview for DSM-IV
Axis I and II disorders (SCID I and II [48,49]). Exclusion
criteria were any of the following: (1) A diagnosis of panic
disorder and/or agoraphobia, current alcohol/substance
abuse, psychotic disorder, dementia, primary or secondary
major depression; (2) a history of seizures or head injury
with loss of consciousness; (3) a severe uncontrollable
medical condition; and (4) the use of any psychotropic
medication within the preceding 6 months. HC were free
of any psychopathology and medication. In the SAD sam-
ple, co-morbidities were specific phobia (n = 3), obsessive-
compulsive disorder (n = 1), bulimia nervosa (recurrent in
full remission; n = 1), and depressive episodes in the past
(n = 5). Six patients also met the criteria of an Axis II per-
sonality disorder (anxious (avoidant) personality disorder,
dependent personality disorder). Patients with SAD and
HC participants were matched for age (SAD: 23.85 years,
HC: 24.20 years, t[38] = 0.45, P >0.05), gender (SAD: 10
women, HC: 10 women, χ2[1] = 0.00, P >0.05) and educa-
tion (all participants had high school graduation with a
minimum school period of 12 years). Before scanning, all
participants completed the LSAS (Liebowitz Social
Anxiety Scale, German version, [50]) and the BDI (Beck
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Depression Inventory, German version, [51]) question-
naire. SAD patients scored significantly higher on both
LSAS (SAD: LSAS = 71.95, HC: LSAS = 10.65, t[38] =
18.23, P <0.05) and BDI (SAD: BDI = 11.90, HC: BDI =
3.05, t[38] = 8.33, P <0.05) questionnaires than HC
participants.
Paradigm
Stimuli consisted of disorder-related (social) and disorder-
unrelated (neutral) video clips that lasted 24 s each. The
clips were developed by our group and filmed with the
help of experienced actors who belonged to student or
layman theater groups. The clips showed a man or woman
(counter-balanced) acting either in a social (social activity)
or in a corresponding neutral situation (same environment
but actor is alone and engaged in a non-social activity).
Prototypically feared situations for the generalized subtype
of SAD were subsumed in four broad categories: (1) for-
mal interaction situations (for example, oral examina-
tions); (2) informal interaction situations (for example,
asking someone for directions); (3) situations that require
self-assurance (for example, complaints about goods); and
(4) situations where the actor’s behavior is observed by
others (for example, during social eating; see Additional
file 1: Table S1: Description of the used video clips). Eight-
een disorder-related and 18 neutral video clips were
chosen from an initial pool of 36 social and 36 neutral
clips by five leading German experts on SAD with ex-
tensive experience in diagnosis and therapy of SAD (see
Acknowledgments) who judged the anxiety-inducing
potential and social phobia-relevance of the clips on
nine-point Likert scales. Based on these ratings, a final
set of maximally anxiety-inducing and SAD-related vid-
eos was chosen which comprised five videos for the cat-
egories (1) and (4) and four videos for the categories (2)
and (3), respectively. All disorder-related videos had to
exceed a rating cutoff score of κs = 5 and neutral videos
had to fall below κs. On average, phobia-relevance of
disorder-related videos used in the present study was
rated M = 7.10 (SD = ±.52), and anxiety-inducing poten-
tial was rated M = 7.03 (SD = ±.81), while neutral videos
were rated only minimally anxiety-inducing (M = 2.10
(SD = ±0.54)) and phobia-relevant (M= 2.04 (SD = ±0.52)).
The order of clips was pseudo-randomized with no more
than two clips of the same category (social or neutral) suc-
ceeding each other. Inter-stimulus interval (white fixation
cross in front of a black screen) was set to 16 s. Partici-
pants were asked to focus on the main actor of the scene,
to take his/her perspective and to empathize as much as
possible with her/his behavior.
After magnetic resonance imaging (MRI), participants
were re-exposed to the clips and were asked to rate
valence, arousal, and anxiety which were induced by
each clip on a nine-point Likert scale (valence: 1 = very
pleasant to 9 = very unpleasant, whereas 5 = neutral;
arousal: 1 = not arousing to 9 = very arousing; anxiety:
1 = not anxious to 9 = very anxious). Behavioral data
were analyzed by repeated measures analyses of variance
(ANOVA) and subsequent t-tests using SPSS software
(Version 19.0.0.1, SPSS, Inc.). For ANOVAs and t-tests a
probability level of P <0.05 was considered statistically
significant.
Functional magnetic resonance imaging
Scanning was performed in a 1.5 Tesla magnetic reson-
ance scanner (‘Magnetom VISION Plus’, Siemens, Med-
ical Solutions, Erlangen, Germany). After a T1-weighted
anatomical scan, two runs with 184 volumes (each video
clip appeared once in a run) were conducted using a
T2*-weighted echo-planar sequence (TE, 50 ms; flip
angle, 90°; matrix, 64 × 64; field of view, 192 mm; TR,
3.9 s). Each volume consisted of 40 axial slices (thick-
ness, 3 mm; gap, 0 mm; in plane resolution, 3 × 3 mm).
The first four volumes were discarded from analysis to
ensure steady-state tissue magnetization.
Functional magnetic resonance imaging (fMRI) data
preprocessing and analyses were realized by BrainVoyager
QX software (Version 1.10.4; Brain Innovation BV). As a
first step of preprocessing, all volumes were realigned to
the first volume in order to minimize artifacts due to head
movements. Afterwards, spatial (8 mm full-width half-
maximum isotropic Gaussian kernel) and temporal filter
were applied (high pass filter: 3 cycles per run; low pass
filter: 2.8 s; linear trend removal). Then, the anatomical
and functional images were co-registered and normalized
to the Talairach space [52].
Statistical analyses of blood oxygen-level-dependent
(BOLD) data were performed by multiple linear regres-
sion of its signal time course at each voxel. The expected
signal change of BOLD response for each event type
(predictor) was modeled by a canonical hemodynamic
response function. First, the whole duration intervals of
the video clips were defined as predictors. Second, for
investigating the time course of activation, the period of
brain activation to social and neutral video clips was di-
vided into two succeeding parts of 12 s each and a new
general linear model (GLM) was computed. Both GLMs
comprised motion correction parameters as events of no
interest. Statistical comparisons were realized using a
mixed effect analysis, which considers inter-subject vari-
ance and permits population-level inferences. Then,
voxel-wise statistical maps were generated and the rele-
vant, planned contrasts of predictor estimates (beta-
weights) were computed for each individual. After that,
a random effects group analysis of these individual con-
trasts was performed.
First, analyses were conducted for specific regions of
interest (ROIs). Following the approach recommended
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by Eickhoff et al. [53], we extracted the amygdala ROI
consisting of three bilateral amygdala maximum prob-
ability maps (laterobasal, centromedial, and superficial;
9,077 mm3 in total) of the anatomy toolbox [54]. ROIs
for the bilateral insula (32,822 mm3), ACC (23,963 mm3),
and dmPFC (medial division of the superior frontal cortex;
44,945 mm3) were extracted from the AAL atlas included
in WFU PickAtlas software [55-57]. Using MATLAB
(Version 7.8; The MathWorks, Inc) all maps were trans-
formed into BrainVoyager-compatible Talairach coordi-
nates via ICBM2tal [58]. Second, whole brain analyses
were conducted.
Statistical parametric maps resulting from voxel-wise
analyses were considered statistically significant for
clusters that survived a correction for multiple com-
parisons. For this purpose, we used the approach as im-
plemented in BrainVoyager (based on a 3D extension of
the randomization procedure described by Forman et al.
[59]). First, voxel-level threshold was set to P <0.005
(uncorrected) for the ROI-based and to P <0.001 (un-
corrected) for the whole brain analyses. Then, threshold
maps were submitted to a correction for multiple com-
parisons that was firstly calculated for each ROI and
secondly for the whole brain. The correction is based on
the estimation of the cluster threshold that is the min-
imal number of voxels necessary to control for multiple
comparisons. The cluster threshold criterion was based
on an estimate of each map’s spatial smoothness [59]
and on an iterative procedure (Monte Carlo simulation).
The Monte-Carlo simulation used 1,000 iterations in
order to estimate the minimum cluster size threshold
that yielded a cluster-level false-positive rate of 5%. The
cluster size thresholds (full length: amygdala, 88 mm3;
insula, 180 mm3; ACC, 142 mm3; dmPFC, 167; first and
second half: amygdala, 79 mm3; insula, 162 mm3; ACC,
108 mm3; dmPFC, 156 mm3) were applied to the statis-
tical maps. Finally, activation of peak voxels in the ROIs
was correlated with symptom severity as measured by
LSAS. For this purpose SPSS was used.
Results
Rating data
Analyses of post scanning stimulus ratings showed that
both SAD patients and HC participants rated social
video clips as more negative (F[1,38] = 170.61, P <0.05),
more arousing (F[1,38] = 222.71, P <0.05), and more
anxiety-inducing (F[1,38] = 185.69, P <0.05) than neutral
video clips. Additionally, SAD patients as compared to
controls rated all video clips as more unpleasant (F[1,38] =
24.23, P <0.05), more arousing (F[1,38] = 24.68, P <0.05),
and anxiety inducing (F[1,38] = 32.97, P <0.05). Further-
more, there was a significant group by condition inter-
action (valence: F[1,38] = 37.65, P <0.05; arousal: F[1,38] =
11.16, P <0.05; anxiety: F[1,38] = 76.46, P <0.05) with
increased ratings for social versus neutral video clips in
SAD patients as compared to HC participants. Figure 1
shows rating data for SAD and HC participants.
fMRI data
Interaction group by video valence
We investigated BOLD activation during the full length
of video clips and during the first and second period of
clip presentation. When analyzing the full length of the
social versus neutral video clips in SAD as compared to
HC participants, we only detected significant activation
differences in the prefrontal cortex. There was a cluster
of activated voxels in the right anterior dorsal ACC
(peak voxel Talairach coordinates: x = 14; y = 20; z = 28;
size = 1,026 mm3; t[38] = 4.45; see Figure 2).
However, when analyzing BOLD activation during the
first and second half of the video clips separately, we ob-
served a hyperactivation of the left amygdala in response
to social versus neutral video clips during the first half of
the video clips in SAD patients as compared to HC par-
ticipants (peak voxel Talairach coordinates: x = -23; y = 0;
z = -19; size = 81 mm3; t[38] = 2.93; probability = 50%; see
Figure 3). In contrast, activation in the left insula dif-
fered significantly during the second half of the social
versus neutral video clips in SAD as compared to HC
participants. There were two clusters of hyperactivated
voxels in the left (anterior cluster: peak voxel Talairach
coordinates: x = -24; y = 23; z = 13; size = 756 mm3; t[38]
= 3.61; mid-insula cluster: peak voxel Talairach coordi-
nates: x = -36; y = 5; z = 16; size = 648 mm3; t[38] = 4.31;
see Figure 4) and in the right insula (anterior cluster:
peak voxel Talairach coordinates: x = 36; y = 20; z = 13;
size = 999 mm3; t[38] = 4.11; mid-insula cluster: peak
Figure 1 Valence, arousal, and anxiety ratings (mean ± standard
error) for social and neutral video clips in patients with social
anxiety disorder (SAD) and healthy control participants (HC).
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voxel Talairach coordinates: x = 42; y = -1; z = 13; size =
324 mm3; t[38] = 3.83; see Figure 4) for social versus
neutral video clips during the second half in SAD versus
HC subjects.
Furthermore, a cluster in the anterior dorsal ACC was
found to be stronger activated in SAD versus HC partici-
pants during both halves of the social versus neutral
video clips. The clusters were almost at the same loca-
tion with similar peak voxels (first half: peak voxel
Talairach coordinates: x = 14; y = 21; z = 29; size =
108 mm3; t[38] = 3.22; second half: peak voxel Talairach
coordinates: x = 9; y = 27; z = 29; size = 1,431 mm3; t[38]
= 4.44). Within the ROIs, there were no clusters of
greater activation during neutral > social video clips in
SAD versus HC subjects. For the sake of completeness,
results of the whole brain analysis are shown in Table 1,
indicating primarily additional increased activations in
SAD patients in (pre)frontal cortex during both halves of
the videos.
Correlational analysis
Finally, correlations between activation of significant
peak voxels within the ROIs and symptom severity in
SAD as measured by LSAS was investigated. This re-
vealed no significant correlation in SAD patients (for all
analyses P >0.05).
Discussion
The present study investigated brain activation in re-
sponse to disorder-related and anxiety-provoking video
clips versus neutral video clips in patients with SAD and
healthy controls. Results showed that brain activation
varies over time during symptom provocation in SAD
as compared to HC subjects. The left amygdala was
Figure 2 Differential brain activation in the anterior dorsal ACC
during the social vs. neutral video clip presentation. Patients
with social anxiety disorder (SAD) displayed an enhanced activation
as compared to healthy control participants (HC) during the first as
well as during the second part of the video clips (social > neutral).
Statistical parametric maps are overlaid on a T1 scan (radiological
convention: left = right). The plot at the bottom displays contrasts of
parameter estimates (social vs. neutral video clips for first and
second half separately; mean ± standard error for maximally
activated voxel).
Figure 3 Differential brain activation during the first half of the
social vs. neutral video clips. Patients with social anxiety disorder
(SAD) displayed an enhanced activation in the left amygdala as
compared to healthy control participants (HC; social > neutral video
clips). Statistical parametric maps are overlaid on a T1 scan
(radiological convention: left = right). The plot shows contrasts of
parameter estimates (social vs. neutral video clips for first and
second half separately; mean ± standard error for maximally
activated voxel).
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hyperactivated in SAD patients compared to controls
specifically during the first part of the disorder-related
video clips. Specifically during the second part of the
video clips, SAD patients showed stronger insula activa-
tion than controls in response to social versus neutral
video clips. Finally, increased activation of the anterior
dorsal ACC to social versus neutral video clips was found
during the whole time course of video presentation in pa-
tients with SAD compared to HC participants.
The hyperactivation of the amygdala during disorder-
related video clips in SAD is in accordance with previous
studies that reported increased amygdala responses dur-
ing threat processing in SAD patients (for example,
[3-8,60-65]; but see [20,35-37,66,67]). The amygdala, due
to its interconnections to various cortical regions and to
the brain stem and the hypothalamus additionally, is
suggested to be of essential relevance for mediation of
automatic, bottom-up processing of emotional, and par-
ticularly threatening stimuli [15,68-70]. Furthermore, the
present amygdala hyperactivation in SAD patients was
found during the first half of the video presentation only.
This implies a temporally restricted role of the amygdala
at least during some forms of symptom provocation in
SAD. The current finding is in accordance with a recent
study on anticipatory anxiety in social anxiety [10] and
allocates the amygdala a central role within a transient
threat detection system [71,72], which affects both regu-
lation of the autonomic nervous system as well as
modulation of perceptual and emotional processing of
relevant stimuli [9,68-70,73].
Repeatedly, the insula was shown to be involved in the
processing of aversive emotional cues in SAD and other
Figure 4 Differential brain activation during the second half of the social vs. neutral video clips. Patients with social anxiety disorder (SAD)
displayed enhanced activation within the left and right anterior and mid-insula as compared to healthy control participants (HC; social > neutral
video clips). Statistical parametric maps are overlaid on a T1 scan (radiological convention: left = right). The bar graphs show contrasts of parameter
estimates (social vs. neutral video clips for first and second half separately; mean ± standard error for maximally activated voxel).
Table 1 Whole brain analysis of group differences in activation between social and neutral videos (SAD > HC)
Social > neutral Neutral > social
Hemisphere Talairach t-value Size (mm3) Talairach t-value Size (mm3)
x y z x y z
Whole video
Superior frontal gyrus (BA 10) R 23 62 27 4.54 621
First half
Globus pallidus R 15 -1 6 4.49 216
Second half
Middle frontal gyrus (BA 46) L -50 24 19 3.66 297
Inferior frontal gyrus (BA 44) R 57 11 10 4.52 1350
Superior frontal gyrus (BA 8) L -15 50 39 4.18 513
Superior frontal gyrus (BA 9) R 19 60 24 4.54 1215
Inferior parietal gyrus (BA 40) R 55 -48 42 3.64 162
Inferior temporal gyrus (BA 20) R 46 -7 -34 3.77 567
Peak coordinates obtained at a threshold of P <0.001 and cluster size ≥143 mm3 voxels.
BA: Brodmann Area.
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anxiety disorders [32]. Especially the anterior insula has
been shown to play an important role in the processing
of visceral and autonomic responses to emotional stim-
uli (for example, [30,74]) and the integration of affective
arousal responses with the perception of current physio-
logical states [75]. Although several studies found a dif-
ferential activation between SAD patients and controls
in the insula (for example, [5,8,10,63,66]) others did not
(for example, [3,6,13,60,61]). The delayed emergence of
insula hyperactivation in SAD patients in the present
study might indicate an increased monitoring of bodily
states that follows after an initial phase of arousal and
hypervigilance during the confrontation with disorder-
related video clips. Bodily responses might in turn be
monitored in more detail and assessed as well as inte-
grated into cached models of physiological response pat-
terns and stimulus related autobiographic and declarative
information about the particular threat. These processes
were proposed to contribute to the maintenance of social
anxiety [76].
The response pattern of anterior dorsal ACC supports
previous findings of increased activation in medial pre-
frontal cortex areas in response to threatening stimuli or
situations in patients with anxiety disorders [32], including
SAD patients (for example, [6,8,66], but see [19,37,62]).
Our results suggest a time-independent, constant affective-
cognitive processing of threat in SAD due to the assumed
role of midline regions of prefrontal cortex. This may re-
flect the special characteristics of the video stimuli used in
the present study, but it might in part also indicate greater
self-referential and self-regulative processes [23-25] in SAD
patients. Generally, individuals suffering from SAD are
excessively self-focused [76], which may strongly rely on
prefrontal functions [21,77-79]. Heightened self-focused
attention seems to cause exaggerated negative self-
evaluation, anxiety and arousal, and even social withdrawal
[80] and is therefore a potentially relevant mediator for the
development and maintenance of SAD.
We would like to note several limitations of our study.
We decided to analyze the video-related time courses
based on a split-half method and refrained from using
finer-grained time scale resolutions for the sake of parsi-
mony. Further studies should investigate the time course
of different brain areas with higher temporal resolutions.
Furthermore, additional analyses did not reveal signifi-
cant correlations between enhanced brain activation in
the ROIs and symptom severity in SAD patients, sug-
gesting limited clinical relevance of the present findings.
The lack of significant correlations might be due to
BOLD ceiling effects in SAD during processing of social
video clips or varying effectiveness of different categories
of video clips for different patients. These points should
be investigated with increased sample sizes. Finally, we
investigated only one method of symptom provocation.
Our findings might be restricted to the stimuli used
here. Future studies should compare different methods
of symptom provocation in order to investigate whether
similar effects are also present with other designs. Never-
theless, our results suggest that responses in the amygdala,
the insula, and other areas might be associated with a spe-
cific time course during symptom provocation.
Conclusions
In summary, using a newly developed symptom provoca-
tion design, we found different phases of brain activation
in SAD patients as compared to controls when exposed
to disorder-related and anxiety-provoking versus neutral
video clips. We found increased amygdala activation dur-
ing the first half of the video clips and increased insula ac-
tivation during the second half in SAD patients compared
to controls. Activation in medial prefrontal areas was sig-
nificantly enhanced during the whole exposure period.
Our findings support the prominent role of the amygdala
in a transient threat detection system and the importance
of the insula for prolonged and sustained processing of
threat, while the time invariant hyperactivation pattern of
anterior dorsal ACC is in accordance with current cogni-
tive models of SAD.
Additional file
Additional file 1: Table S1. Description of the used video clips.
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den die neuronalen Korrelate der Verarbeitung distinkter störungsrelevanter Reize und deren
Einfluss auf kognitiveKontrollfunktionen imFokus (emotionale Interferenz). LautKenntnisstand
derAutorindervorliegendenArbeitistdiesdieersteStudie,welchedieneuronalenKorrelateder
emotionalen StroopInterferenzbei Personenmit einer sozialenAngststörunguntersuchte.Wie
bereitsweiterobenerwähnt,istdieZahlderSymptomprovokationsundAntizipationsstudien,die
dieneuronalenKorrelatebeisozialängstlichenPersonenuntersuchen,begrenztunddieErgebnis
se aufgrund der gewählten Studiendesigns oftmalswenig valide. Insbesondere Studien,welche
die Hirnaktivierungsmuster bei Personenmit vs. ohne eine soziale Angststörung untersuchten,
während diese eine Rede hielten, sind aufgrund der Bewegungsartefakte durch das Sprechen
problematisch.Hinzu kommtein konfundierender Einfluss aufgrundder zuerwartendenUnter
schiedebzgl.derRedeleistungzwischenPersonenmitvs.ohnesozialeAngst.Esistzuerwarten,
dass Personen mit einer sozialen Angststörung ihre Rede schneller beenden, ein geringeres
Sprechtempozeigenbzw.längerePauseneinlegen.Diesbestätigtesichu.a.indenAnalysender
‚Redeleistung‘ (siehe Studie 2). Aufgrund der gewählten Designs liefern Studie 2 und Studie 3
erstmals valide Ergebnisse bzgl. der hirnphysiologischen Grundlagen der Antizipation einer ‚öf
fentlichen‘Redesituationbzw.KonfrontationmitstörungsrelevantenVideos.InallendreiStudien
standen Hirnregionen im Fokus, bei denen mehrfach eine Dysfunktion im Zusammenhang mit
pathologischen sozialen Ängsten nachgewiesen wurde sowie Hirnregionen, bei denen eine ab
norme Aktivierung aufgrund spezifischer Charakteristika des genutzten Stimulusmaterials oder
desspeziellenStudiendesignsvermutetwurde.
InStudie1zeigtensichtypischeReaktionsmusterbzgl.derstörungsrelevantenWörter.Personen





al., 1993). Damit übereinstimmend ergab eine G*PowerAnalyse (http://www.gpower.hhu.de;
Fauletal.,2007),dassdieStichprobengröße,gegebendergefundenenEffektgröße,mindestensN





dass signifikante Reaktionszeitunterschieden zwischen ängstlichen Personen und einer Ver
gleichsstichprobev.a.dannberichtetwerden,wennExtremgruppenverglichenwurden.DieAu
torenweisendamitaufeinProblembeiStudienhin,welchedieProbandenderVergleichsstich
probe dahingehend auswählten, dass diese auf den verwendeten Fragebögen extrem niedrige
Werte aufwiesen und somit die ‚Normal‘Population schlecht repräsentieren. Die untersuchten
KontrollprobandeninStudie1(sowieinStudie2undStudie3)wurdennichtdahingehendausge




Interferenz könnte daher auch dem Umstand geschuldet sein, dass hier keine Extremgruppen
verglichen wurden, sondern versucht wurde, mit der Vergleichsstichprobe die ‚Normal‘
Populationzurepräsentieren.
WederdiebehavioralennochdiefMRTDatenderStudie1weisenaufdieExistenzvonÜbertra


































unterschiede in unterschiedlichen Hirnregionen vermutet. Am häufigsten konnte bis jetzt eine
zeitlichvariableAktivierungderAmygdalagezeigtwerden(z.B.Schulzetal.,2013;Weierichetal.,
2010).AberauchbeianderenHirnregionenwurdenHinweisefürzeitlichdifferenzielleAktivierun
gen gefunden (z.B. Sladky et al., 2012;Wendt et al., 2008;Wendt et al., 2012;Wright et al.,
2001).








et al., 2002) oder neuromodulatorisch (z.B. Briand et al., 2007) beeinflusst. Bisherige Studien,
welche die Aktivierungsunterschiede in sensorischen Kortexarealen bei Personen mit vs. ohne
einesozialeAngststörunguntersuchten,nutztenemotionaleGesichtsausdrückeundzeigteneine
















ter, umsogrößerwarderAktivierungsunterschied zwischen störungsassoziiertenundneutralen




on der Reaktionszeiten mit der Aktivierung im angularen/supramarginalen Gyrus beschränken










wichtige Unterschiede zwischen den Aktivierungsmustern dieser beiden Areale. Die Amygdala
reagiertehermiteinerinitialenHyperaktivierungaufstörungsrelevanteReizeundInformationen,
welchesichdannrelativschnellwiederzurückbildet.EineHabituationderinsulärenHyperaktivie




alängstlichenPersonenerst inder zweitenHälfteder störungsrelevantenVideosbeiden sozial
ängstlichenvs.gesundenPersonenstärkeraktiviert.DerinsuläreKortexwirdmiteinergesteiger
tenInterozeptionbeiderVerarbeitungemotionalbedeutsamerStimuliassoziiert(z.B.Augustine,






2002). Zudembestehen Verbindungenmit Arealen, die für die Verarbeitung emotionaler Reize
wichtigsind,z.B.zurAmygdalaundzupräfrontalenHirnstrukturen (Augustine,1996).Nichtzu
letztaufgrunddieserKonnektivitätenwirdder insuläreKortexalswichtigesBindegliedzwischen
sensorischen und emotionalen Informationen angesehen (Augustine, 1996; Craig, 2008). Dabei
scheintdieRegionv.a.anderBewertungunddemAusdruckinternerzeugterEmotionenbeteiligt
zusein(Phanetal.,2002),wobeiinsbesonderederrechteanterioreTeilmitderIntegrationund









AngststörungundgesundenKontrollpersonenzeigensich inStudie3eher inder zweitenHälfte











einenÜberblick sieheHeinrichs&Hofmann, 2001;Hirsch&Clark, 2004;Hofmann, 2007). Zum
anderen führteineerhöhte InterozeptionbeiPersonenmit sozialerAngst zueinergesteigerten










onszeitunterschiede) positivmit der Aktivierung immPFC korreliert. Ein derartiger Zusammen
hangzeigtesichnurbei sozialängstlichenPersonen,nichtaberbeidenKontrollprobanden.Eine






der Aufrechterhaltung der sozialen Angststörung zu. Damit im Einklang stehen Ergebnisse, die
zeigen,dassPersonenmiteinersozialenAngststörungwährendderKonfrontationmitsozialeva
luativen Informationen eine erhöhte Aktivierung desmPFC aufweisen (z.B. Blair et al., 2008a;
Blairetal.,2010;Blairetal.,2011).DieErgebnissederStudie1könntensomiteinenHinweisda
rauf geben, dass auch während der Verarbeitung störungsrelevanter Wörter vermehrt selbst
referentielleProzessebeiPersonenmitsozialerAngstablaufen, insbesonderedadiepräsentier
ten störungsassoziiertenWörterauchAngstreaktionenwie Errötenoder Schwitzen thematisier
ten.EinevermehrteBeschäftigungmit selbstreferentiellen InformationenwährendsozialerBe





wartungen oder Erfahrungen verzerrt. Diementalen Repräsentationen des Selbst führen dazu,
dassdieBetroffenensozialeSituationenalsbedrohlichundgefährlicheinschätzenundtragenso
zueinerReihevonverstärkendenProzessenbei.InStudie2undStudie3ließsichallerdingskeine













hyperaktiviert. Allgemeinwird demACC einewichtige Rolle bei derÜberwachung (monitoring)






verse präfrontale Regionen dahingehend diskutiert, dass sie die amygdaläre Hyperaktivierung
herunterregulieren(Delgadoetal.,2008;Hofmannetal.,2012).Dieskönntenbspw.Problemlö
sestrategienoderMechanismenderAffektregulationbetreffen(Browningetal.,2010;Hofmann
et al., 2012) und die gefundeneHabituation der Amygdalahyperaktivierung erklären. Allerdings
sinddiegenutztenParadigmensowiediezeitlicheAuflösungdergenutztenfMRTSequenzenfür
weiterführende Analysen und Interpretationen nicht geeignet. Zukünftige Studien sollten auch
strukturellesowiefunktionelleKonnektivitätsanalysenmiteinschließen.
InkeinerderdreidurchgeführtenStudienzeigtesicheinedifferenzielleAktivierungdesOFCauf










rungsunterschiede indieserRegioneherheterogen (Etkin&Wager, 2007; FreitasFerrari et al.,
2010).AbnormeAktivierungendieserHirnregionscheinenzudemnichtspezifischfürdiesoziale
Angststörung zu sein (siehe RempelClower, 2007). Welche Faktoren eine veränderte OFC
AktivierungbeiPersonenmiteiner(sozialen)Angststörungbedingen,istnochunklarundbedarf
weiterführender Untersuchungen. Die Studien der vorliegenden Arbeitweisen darauf hin, dass











Aussagenbisheriger Studien zudenneuronalenKorrelatender antizipatorischen sozialenAngst
sindausdiversenGründen(sieheKap.1.3.5)wenigvalide.DieErgebnissederStudie2undStudie












oder Vermeidungsverhalten bereits durch die Antizipation einer sozial bedrohlichen Situation
getriggertwird.





stehenden Redesituation. Die verringerte Aktivierung des ventralen Striatums bei sozialängstli
chenPersonenwirdmiteinergeringerenAktivitätdesdopaminergenNeurotransmittersystemsin
Verbindunggebracht(Sareenetal.,2007;Schneieretal.,2000;Tiihonenetal.,1997),wasmög
licherweise eine verminderte Anreizmotivation zur Folge hat (Schneier et al., 2000). Nach
Wickelgren (1997)spieltdasmesolimbischedopaminergeSystemeinewichtigeRollebeizielge
richteten Reaktionen auf Reize, die eine positive Verstärkung versprechen. Daraus wurde ge




















Zusammenfassend lässt sich festhalten, dass die Ergebnisse der drei Studien der vorliegenden
Arbeit erstmals valide Rückschlüsse bzgl. der neuronalen Korrelatewährend der Konfrontation





















Hirnaktivierungsmuster während einer Symptomprovokation oder Antizipation einer sozial be
drohlichen Situation bei Personen mit einer sozialen Angststörung wurden bisher nur unzu
reichenduntersucht.ImRahmendervorliegendenArbeitwurdendreiStudiendurchgeführt,wel
chedieneuronalenKorrelatedersozialenAngstanhanddreiunterschiedlicherParadigmenunter
suchen. In der Literatur gibt es zunehmend Hinweise darauf, dass die Angstreaktion aus einer
erstenhypervigilantenundeinerdarananschließendenvermeidendenPhasebesteht. Indiesem
Zusammenhang fokussieren neuereUntersuchungen auch zeitlicheAspekte derHirnaktivierung
(siehez.B.DelCasaleetal.,2012;Wendtetal.,2012).AllerdingssinddieBefundebzgl.derzwei




Studie 1 untersucht erstmalig die neuronalen Korrelate der emotionalen StroopInterferenz bei
Personenmit sozialer Angst. Die Ergebnisse zeigen, dass die emotionale Interferenz bei sozial
ängstlichen Personenmit abnormenAktivierungsmustern in der Amygdala, im insulären Kortex
und in frontalenArealensowie ineinemanteriorgelegenenAreal,dasbeiderVerarbeitungse
mantischer InformationeneinewichtigeRolle spielt, einhergeht.Darüberhinaus ist dieAktivie
rungeinesposteriorenSprachareals,desACCunddesmPFCmitdemAusmaßderemotionalen
StroopInterferenz assoziiert, was für eine automatisch ablaufende Verarbeitung der semanti
schen Informationen spricht, welche in emotionalen StroopAufgaben ignoriert werden sollen.










einer sozialen Angststörung von der Angstreaktion bei Patienten mit anderen Angststörungen
unterscheidet,kannaufgrundderwenigenrepliziertenStudienindiesemBereichnichtgeschluss
folgertwerden.
Studie 2 untersucht die Gehirnaktivierung bei sozialängstlichen Personen, während diese eine
sozial bedrohliche Situation (öffentlichen Redesituation) antizipierten. Clark und Wells (1995)
postulieren in ihrem kognitiven Informationsverarbeitungsmodell, dass bereits vor einer sozial
bedrohlichenSituationeineKaskadeverschiedensterangstassoziierterProzesseangestoßenwird.
AufgrundderbisherigenBefundlagewurdeeineBeteiligungderAmygdala,des insulärenKortex
sowie frontaler Hirnareale bei Personenmit einer sozialen Angststörung während antizipatori
scher Angst vorhergesagt (Etkin&Wager, 2007; Lorberbaumet al., 2004; Tillfors et al., 2002).
Zudemwurden typischemotivationaleDefizite inErwartungsozialerSituationenpostuliert,was
dieBeteiligungstriatalerRegionennachsichziehensollte(Jensenetal.,2003;Tometal.,2007).
Dementsprechend zeigen die Ergebnisse von Studie 2 eineDysfunktionalität der Amygdala und
desinsulärenKortexbeidensozialängstlichenPersonen,wobeidieHyperaktivierungderAmygda
la schnell zuhabituieren scheint. ZudemkonnteeinAktivierungsunterschied imventralenStria
tum beobachtet werden, der mit dem Ausmaß der antizipatorischen Angst assoziiert war. Die
Studie2dervorliegendenArbeitversuchtdenmethodischenbzw.paradigmabezogenenProble




induzierten Symptomprovokation bei Patientenmit einer sozialen Angststörung. Es zeigte sich,
dassdieAmygdalav.a.indererstenHälftedersozialbedrohlichenVideosinderPatientengruppe





















tektion wird vermehrt Aufmerksamkeit auf die bedrohlichen Informationen gelenkt (Cisler &
Koster,2010).EsexistierenHinweisedarauf,dassdieAmygdalaimweiterenVerlaufderAngstre
aktionanderZuweisungvonVerarbeitungsressourcenbeteiligtist(z.B.Pessoa&Adolphs,2010)
und über die weitreichenden Verbindungen zu sensorischen Kortexarealen die anschließende
sensorischeVerarbeitungderbedrohlichenReizebeeinflusst.DafürsprichtdieinStudie1gefun
deneHyperaktivitätdesopercularenTeilsdes linkenIFGbzw.dergefundenekorrelativeZusam
menhang zwischen der emotionalen StroopInterferenz und der Aktivierung im linken angula
ren/supramarginalen Gyrus bei den sozialängstlichen Personen. Diese Regionen scheinen ent
scheidend an der semantischen Verarbeitung beteiligt zu sein (z.B. Alexander et al., 1989;
Carlson,2004;Vigneauetal.,2006).Hervorzuheben ist,dassdieseHirnarealebeiPatientenmit
einer sozialenAngststörung hyperaktiviert sind, obwohl derWortinhalt ignoriertwerden sollte.















tomatik der sozialenAngststörung das Verbergen der eigenenUnsicherheit und eigener Angst
symptomeist.DievermehrteAufmerksamkeitundWahrnehmungvoninternalenVorgängenund
körperlichen Angstreaktionen schürt wiederum die Ängstlichkeit (Bögels et al., 1996; Wells &
Papageorgiou,1998;Woody,1996;Woody&Rodriguez,2000)undwirddaheralseinbedeuten
deraufrechterhaltenderFaktordiesesStörungsbildesdiskutiert.Ebensosinddysfunktionalekog
nitive undüber dieMaßen selbstreferentielle Prozesse charakteristisch für Personenmit einer
sozialenAngststörung(Clark&McManus,2002;Clark&Wells,1995;Heimbergetal.,1995).Diese
ProzessesowieeineineffektiveRegulationangstbezogenerSymptomewerdeninsbesonderefron
talen Arealen zugeschrieben (Etkin et al., 2006; Johnson et al., 2002; Mitchell et al., 2005;
Northoffetal.,2006;Ochsner&Gross,2005).EntsprechendkonnteeineabnormeFunktionalität
frontaler Areale bei sozialängstlichen Personen während sozialer Bedrohung gefunden werden
(z.B.Blairetal.,2008a;Blairetal.,2010;Goldin&Gross,2010;Labuschagneetal.,2012;Phanet
al.,2013;Pujoletal.,2013;Quadfliegetal.,2008;Schmidtetal.,2010).DieErgebnissederdrei
Studien der vorliegenden Arbeit deuten darauf hin, dass Aktivierungsunterschiede in frontalen
ArealenaufdieKonfrontationmitrealenReizenbzw.Situationenbeschränktsindundwenigerbei




rischeMechanismen im Vorfeld einer sozialen Situation bei sozialängstlichen Personen eher in
den Hintergrund zu treten. Während der Antizipation sozial bedrohlicher Situationen wurden
allerdings auch abnorme Aktivierungen in Hirnarealen gefunden, die mit Prozessen assoziiert
werden,dieeineangemesseneVerarbeitungdersozialenSituationbehindernundsomitdenTeu

















Kortex bei Personenmit einer sozialen Angststörung hyperaktiviert, wasmit einer vermehrten
Interozeptionassoziiertwird.DieseHyperaktivitättrittbereitsauf,wenneinesozialbedrohliche
Situationantizipiertwird.WährendderKonfrontationmitrealbedrohlichenSituationenscheinen
zudempräfrontaleArealev.a. innerhalbder zweitenvermeidendenPhasebei sozialängstlichen
PersoneneineRollezuspielen,wasmitverstärktenselbstreferentiellenundemotionsregulatori
schenProzessensowieKontrollmechanismen,diedergesteigerteninitialenAngstreaktionentge
gen wirken sollen, in Verbindung gebracht wird. Hauptsächlich die interozeptiven und selbst
referentiellenProzesse,diedazu führen,dassdiebedrohlichen InformationenderäußerenUm
welt vermiedenwerden,wirken angststeigernd und führen häufig zu einem ‚Aufschaukeln‘ der
Angst.ZukünftigeStudiensolltendiesenunterschiedlichenPhasenderpathologischenAngstreak
tionmehrBeachtungschenkenundinsbesonderedenZeitverlaufderzugrundeliegendenneuro
nalenAktivierungennäheruntersuchen.Zudem ist eswichtig zuunterscheiden,obeine soziale
Bedrohung aktuell ist oder noch in der Zukunft liegt. Inweiterführenden Studien sollten daher
auchdieneuronalenKorrelatederantizipatorischensozialenAngstnäheruntersuchtwerden.Die
ablaufendenProzessevoreinersozialbedrohlichenSituationscheinenhochgradigdysfunktional














in individualswithotheranxietydisordersor subclinicalanxiety (Baertetal.,2011;Heinrichs&
Hofmann, 2001;Hirsch&Clark, 2004;Williamset al., 1996).However, theneural correlatesof
attentional bias or emotional interference have been poorly investigated in patients suffering
fromsocialanxiety.Similarly,brainactivationinsymptomprovokingsituationsorwhileanticipat
ingasociallythreateningsituationhasbeeninsufficientlyinvestigatedinsociallyanxiousindividu
als.Thepresent thesisconsistsof threestudies that investigated theneural correlatesof social
anxietybyusingthreedifferentparadigms.Thereisagrowingbodyofstudiesindicatingthatthe
anxietyresponseconsistsofatleasttwophases:aprimaryphaseofhypervigilanceandasubse
quentavoidancephase.Accordingly, there isalsoagrowingbodyof functional imaging studies
thatfocusonthetimecourseofbrainactivationduringtheprocessingofthreateninginformation
(e.g.,DelCasaleetal.,2012;Wendtetal.,2012).However,reportedresultsconcerningtheavoid
ance phase in individuals with social anxiety disorder are inconsistent (see Amir et al., 2003).
Hence,thethreestudiesofthepresentthesis focusedonthetimecourseofbrainactivation in
thethreeusedparadigmsinpersonssufferingfromsocialanxietydisorder.
Study 1 brokenewgroundby investigating for the first time theneural basis of the emotional







tomatism in semantic information processing, combined with subsequent emotionregulating
mechanisms,maycauseobservedreactiontimelatenciesinresponsetodisorderrelatedwordsin
patientswithsocialanxiety.Resultsdidnotsuggestthatthedisorderrelatedwordsalsoaffectthe








Study 2 investigated brain activation in socially anxious individuals when social threat (public
speakingtask)wasanticipated.Accordingtotheircognitiveinformationprocessingmodel,Clark


















tationanddifferentialactivation in the insulawasgreater inthesecondhalf.Frontalcortexhy
peractivationwasnotrestrictedtoeitherthefirstorsecondvideophasebutwaspresentduring
thewholevideopresentation.Existingsymptomprovocationstudiesmainlyusedpublicspeaking




understandingof theneuralprocessesduring the confrontationwitha real socially threatening
situationandshouldhelpinexploringtheunderlyingneuralcorrelatesofsocialanxietydisorder.





















be associatedwith greater perception of internal stateswhen salient information is presented
(Craig,2002;Critchleyetal.,2003;Critchleyetal.,2004)andthereforetheinsulashouldbepar
ticularly involved in social anxiety. The pattern of activation found in this region indicates that



























abnormal activationpatterns thatwereassociatedwithprocesses thatmight impedeadequate
processingofthesituationalinformationandthereforeperpetuateaviciouscircleofanxiety.The
striatal activationdifferences foundmight indicate insufficientmotivation anddeficient reward
anticipation.Thismightcontributetowardthephenomenonthatsociallyanxiousindividualstend
toavoidsociallythreateningsituationsorinsufficientlydemonstrateadequatesocialbehavior.
In summary, results fromthe threestudies indicate thatanxiety reactionconsistsofmore than
onephase.Theresults implythatthere is firstahypervigilantphase,whichmight includeauto
maticandunconsciousprocessingofthreateninginformationandwhichseemstoleadtoapriori
tizedprocessingofdisorderrelevantinformation.Ofspecialrelevanceseemstobeanamygdala
hyperactivationwithin this firstphaseofanxiety reaction.The initialphase substantiallyaffects




ated with heightened interoception. Insula hyperactivation is found even when the socially
threatening situation is anticipated.During real threatening situations, activationdifferences in








need to investigatemore closely neural correlates of anticipatory social anxiety. Theprocesses
thattakeplacebeforeapersonentersintoasociallythreateningsituationseemtobehighlydys






















in the left amygdala (a), right (b) and left insula (c),medial prefrontal cortex [mPFC; (d)], dorsal anterior
cingulatecortex[ACC;(e)],andleftopercularinferiorfrontalgyrus[IFG;(f)]ascomparedtohealthycontrol
subjects(HC).StatisticalparametricmapsareoverlaidonanaveragedT1scan(radiologicalconvention:left=
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